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Narellan Creek Catchment: An Urban Impact Study 
 
 
 
Abstract: 
 
Key words: Catchment management, river systems, participation 
 
River system and catchment area management in developed and developing economies has 
become more urgent yet more problematic as urban areas grow, industries shift locations and 
production processes, and communities become more concerned about deteriorating water quality 
and environmental degradation.  This thesis documents the design and implementation of an 
adaptive and integrated management approach towards achieving sustainable water resource 
management practices in the Narellan Creek sub-catchment located within the Hawkesbury-
Nepean catchment.   
 
The Hawkesbury-Nepean Catchment Management Trust was in many ways a model of best 
practice for the management of a catchment of 22,000 square kilometres under severe pressures 
from urbanization and industrialization near Sydney.  The Trust’s approach to catchment 
management was unique in its design as an integrated model enabling the participatory 
formulation of catchment management strategies. 
 
The Hawkesbury-Nepean Catchment Management Trust established local catchment based 
management committees to address the needs and specific objectives of communities, and 
involved organizations, government agencies and other stakeholders. The local committees were 
instrumental in harnessing the expertise, knowledge and interest of local stakeholders in order to 
identify key issues and problems propose possible solutions, actions plans, development and 
implementation.   These committees developed impact studies, monitoring programs, and 
educational activities In order to address the environmental issues in relation to water quality of 
local stream, creeks and rivers. 
 
The objective of the Trust was to help integrate the management of natural and cultural resources 
of the catchment. These resources include land, water, flora, fauna, air, scenic landscapes and 
heritage. The Trust supported the involvement of a number of organisations with the 
development of a Narellan Creek Urban Impact Study.  These organisations and groups included 
 viii  
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The Upper Nepean Catchment Management Committee, local council, State Government 
Agencies, developers and the local community.  This study comprised an evaluation of previous 
monitoring and studies on the catchment to establish the status water quality and flow in the 
Narellan Creek catchment.  The study also consisted of a pre survey to determine levels of 
community awareness and attitudes on the environment, a community education programme 
based on the findings of the initial survey and a post survey subsequent to the implementation of 
the educational programme. 
 
The study is presented as an exemplar case which highlights the benefits of stakeholder 
collaboration and the importance of community participation in the development and successful 
implementation of ecologically sustainable development programmes.   The recognition of the 
value of participatory, multi-partisan approaches to the sustainable management of resources may 
be identified in the outcomes of this case study.  This study also identifies the significance of a 
coordinating agency such as the Trust as a key stakeholder in terms of providing an institutional 
framework for change, localized expert knowledge and as an enabler for the action of other 
stakeholder groups in the development and implementation of a sustainable model for catchment 
management.  The participatory, multi-partisan (multi-stakeholder) philosophy adopted by the 
Trust in their model of catchment management represents a paradigm shift from traditional 
approaches catchment management. 
 
Stakeholders have interest and legitimate concern for and knowledge of the environment within 
which they exist.  As such they are in a powerful position to influence the management of 
resources within natural ecosystems.  Clearly, different agencies will have different areas of 
responsibility, resourcing and legislative support. However, cooperative and constructive action 
which is consistent with the goals and expectations of the community, stakeholder groups can 
have a major impact on the future of the catchment. Catchment authorities such as the Trust and 
its committees provide a mechanism for improved cooperation between and within agencies 
(stakeholders) and simultaneously fostering closer links between the community and government. 
 
 
 
 
 
Chapter 1: Introduction to the Narellan Creek Catchment: An Urban Impact Study 
 
 
1. Introduction 
This thesis documents the design and implementation of an adaptive and integrated management 
approach towards achieving sustainable water resource management practices. Specifically the 
thesis will focus on the Narellan Creek sub-catchment located within the Hawkesbury Nepean 
catchment.   This thesis will present an analysis of the integrated management approach towards 
achieving sustainable water resource management practices which comprised various community 
based action programs and assessment of their efficacy for the period 1996 and 2001.  
 
The Hawkesbury Nepean catchment, located in the South West region of Sydney, New South 
Wales, is within an area of major economic significance and provides recreational resources for 
the community.  The bulk of Sydney’s water supply is derived from five major dams located 
within this region. The catchment is a unique area undergoing rapid urbanisation, commercial and 
industrial development and is the fastest growth region of Sydney.   The Hawkesbury-Nepean 
catchment is also unique in that it contains two major river systems, the Hawkesbury and Nepean 
Rivers, together with numerous tributaries within each system, 5 dams, and a diverse range of 
aquatic ecosystems, agricultural land, industry and significant urban development.  The extent 
and rate of urbanisation and development of catchments has posed significant pressures upon the 
aquatic ecosystems.  The catchment has also been recognised as a resource of great 
environmental, heritage and scenic value.   
 
Agencies responsible for catchment management are challenged to develop programmes that 
ameliorate the impacts upon the natural ecosystems using sound ecologically sustainable 
approaches. Established in 1993, the Hawkesbury Nepean Catchment Management Trust 
(hereafter referred to as the ‘Trust’) was up until 2001 the key government agency responsible for 
water resource management of the Hawkesbury-Nepean River system. 
  
Water ecosystems are geographically bounded and in most countries are referred to as water 
catchments or watersheds.  Simultaneous to the development of higher levels of government 
environmental policy is the movement away from traditional technically oriented models towards 
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the design of integrated models for the participatory formulation of water management strategies. 
Government agencies in countries around the globe have developed and implemented a wide 
range of integrated models of catchment management. The efficacy of these various models is the 
focus of current research within the field of water resource management. This study on the 
Narellan Creek catchment will identify the components central to good design of an integrated 
catchment management model.  
 
The use of participatory approaches to plan and manage water and land conservation which 
include community involvement are well established.  Indeed a general requirement of funding 
natural management programmes is often and in many places based upon some form of 
community involvement in planning, design and implementation.  However, despite the increased 
popularity of participatory approaches towards the sustainable management of natural 
environmental and cultural resources, success is often problematic.  The nature of the 
increasingly turbulent and technology-affected environment, the diversity of interests, needs and 
multi perspectives of various stakeholders impacts upon the success of participatory approaches.  
Funtowicz and Ravetz (1991) argue that in a rapidly changing world, science alone is an 
inadequate source for all answers; decision-makers need to acknowledge and embrace the 
important contributions the public and other stakeholders can bring to the decision making and 
the implementation process.  
 
“The history of participative endeavours is littered with exemplary events that have failed 
to yield long-term results. Without a viable organizational structure, people are often 
unable to sustain their initial enthusiasm. Failure is predictable when participants in the 
planning are unmindful or incapable of establishing congruence between the envisioned 
system, its relevant environment, and their own mode of operation.” (International 
Institute for Natural, Environmental, and Cultural Resources Management, 1992, 
http://www.nmsu.edu/~iirm/, accessed 10/8/07) 
   
 
The benefits of working collaboratively and the adoption of a multi-partisan approach in 
ecologically sustainable development programmes are clearly recognised both in the scholarly 
literature and in public, community discourse.   The recognition of the value of multi-partisan 
approaches to the sustainable management of resources represents a paradigm shift from 
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traditional models which were predominantly underpinned by the inputs of policy makers and the 
scientific community.  The efficacy of such models is contingent upon the limitations of expert 
knowledge, which was in the past often strictly limited to one specific subject/discipline or field 
of study. The question of application and possible regulation involves a much broader approach, 
regarding the consequences for economy, environment and so on, which have not always been 
taken into account in technology and sustainable management practices of the past.  Generally, 
the public have a different approach to technology and environmental management. The general 
public is likely to view these from the perspective of their own life and experience: for example 
‘how could this possibly affect my work situation, my health and the life of my family?’ As 
members of a stakeholder group, they also look at technology from the perspective of an 
informed public with a responsibility for the development of society.  Thus a multi-partisan, 
participatory approach would thus inevitably provide a “valuable framework to enable a synergy 
and congruence of knowledge, interests, and skills of all key stakeholders” (Andersen and Jæger, 
1999).  The United States Environmental Protection Agency (US EPA) has developed a 
‘Watershed Collaboration Policy’ which documents the benefits and principles of adopting a 
collaborative approach to catchment management 
(http:www.urbanwater.info/catchment/Engagingstakeholders.cfm, accessed 8/8/07).  A 
‘watershed’ being a term used in the US which is equivalent to and often used interchangeably 
with the term ‘catchment’. The US EPA and their policies acknowledge that ‘citizen science is a 
participatory process including all sectors of society – general public, government and industry – 
in the development and conduct of public-interest research in order to bridge the gap between 
science and the community and between scientific research and policy, decision-making and 
planning’.  Bridging the gaps involves a process of social learning through sound environmental 
research, full public participation, the adoption of adaptive management practices and the 
development of democratic values, skills and institutions for an active civil society.  These same 
guiding principles underpinned the activities of the Hawkesbury- Nepean Catchment 
Management Trust, who acknowledged and reflected these principles in the adoption of 
community based, multi-stakeholder programmes.   
 
This research considers the catchment management programme implemented by the 
Hawkesbury- Nepean Catchment Management Trust as an example of the way in which 
institutions are being developed and redesigned, not only to meet the challenges prompted by the 
  Page 3 
emergence of new policies such as sustainable development, but also as a means of addressing 
community interest and concerns on environmental issues (Wood, Handley and Kidd, 1999).   
 
The Upper Nepean Catchment Management Committee (UNCMC) implemented a Narellan 
Creek Urban Impact Study to provide a holistic approach to catchment assessment and planning, 
with widespread involvement of the community and other major stakeholders.  As part of this 
process collation and interpretation of existing water quality and flow data was undertaken in 
order to provided a basis for future studies.  The overall objective was to achieve best practice in 
sustainable approaches to manage natural resources in the catchment. The long term outcomes of 
the project were to provide an accelerated integration of natural resource management systems in 
the Narellan Creek catchment by use of a consultative approach, involving key stakeholders.    
The main areas of achievement enabled the identification of ongoing community and agency 
awareness and responsibility for the creek and stormwater systems within the Narellan Creek 
catchment. This was achieved by community involvement with best practice around the home 
and best practice around businesses, and agencies committing to best practice in their agreed area 
of responsibility.  Water quality and quantity monitoring provided a means for determining the 
effectiveness of strategies such as community awareness programmes and other initiatives within 
the catchment. 
 
This research will focus on the management activities of the Trust principally within the Narellan 
Creek catchment, up until the Trust’s abolishment by the New South Wales State Government in 
2001. This study will also address some of the political issues underlying the replacement of the 
Trust’s activities by the NSW Department of Land and Water Conservation. 
 
An examination of the current literature reveals a lack of understanding of the impact upon water 
and aquatic environment catchments as a result of various resource management intervention 
strategies, and efficacy and efficiency of remediation activities within catchments.  The literature 
also indicates relatively little evidence of research on the effectiveness of some of the organised 
activities such as the newer holistic approaches to sustainable catchment management, 
undertaken by catchment management authorities such as the Trust within Australia.  There is a 
recognisable shift in strategies adopted by the Trust and other similar authorities.  In the past, 
scientific methods to address environmental, water quantity and quality problems were dominant.  
Recently the inclusion of a wider range of people and approaches in order to achieve sustainable 
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resource management within catchments, that is a shift towards more integrated, holistic 
approaches has become evident.  Assessment of these newer integrated approaches is necessary 
in order to optimise the success of balanced management strategies and as a basis for catchment 
authorities to seek future public support and funding.  New collaborative research networks and 
centres are emerging, which are designed around integrated and participatory approaches to 
catchment management.  These centres provide universities, water authorities, businesses, the 
general public and other stakeholders, the opportunity to share expertise, knowledge and 
resources.  Underpinning the newly designed integrated models for participatory water and 
ecosystem management strategies is the principle that the biophysical and human components of 
a water ecosystem are inextricably linked.  Hence the growing acceptance by recognised 
authorities that a more integrated approach to catchment management is required, and that this 
provides a philosophy and framework for environmental management using the natural 
boundaries of the hydrological system as a management unit. 
 
 
1.1. Background 
In the past few decades there has been an immense increase in awareness of environmental issues 
both at global, regional and local levels.  This is reflected in policy change and environmental 
initiatives by governments, global and local institutional bodies and communities.  The 
importance of the sustainable management of rivers, native flora and fauna, and other 
environmental resources has driven industry and community groups to action.  The increased 
awareness and initiatives undertaken have occurred in conjunction with the escalating attention 
on global climate change issues.   
 
The rise of ‘new environmentalism’ has received much attention by researchers and has become 
the focus of current public policy (Healey and Shaw, 1993; Bishop, 1996).  Wood et al. (1999) 
argue that the agenda of sustainable development presents a formidable challenge to established 
institutional mechanisms for the delivery of policies and programmes.  Governments, nationally 
and locally are supporting environmentally sustainable initiatives through policy reform, taxation, 
various grants and awards.  There has also been an increase in philanthropic activities undertaken 
by industry, wealthy individuals and the general community.  Growing government and 
community awareness of sustainability issues meant that government agencies such as the Trust 
were moved to begin developing innovative mechanisms for environmental management.  There 
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appears to be an emerging consensus as to how management systems should be arranged, i.e. a 
more cross-sectoral approach, in order to link policy to mechanisms of action.  The current view 
is that new structures should facilitate co-operation and co-ordination both within the public 
sector, and between public and private sectors and local communities (Wood et al., 1999).  These 
structures should also encourage and build upon local initiatives and community involvement 
(Commission of the European Communities, 1992; Blowers, 1993).   Among others, Healey 
(1997) proposed an institutional design for sustainability that sets out parameters which should be 
satisfied in the design of participative and democratic governance which are equally fundamental 
to a sustainable development perspective.  This framework provides a basis for the analysis of 
innovative forms of organisation which are emerging in environmental planning and 
management.  This framework will be used to appraise the structures and activities of the Trust. 
 
Acknowledging the benefit derived from agencies and local governments working in a consistent 
manner throughout the catchment, the Trust attempted to accommodate and integrate all key 
Government initiatives and programmes, in a whole-of catchment (holistic) approach to the 
management of water resources within the Hawkesbury-Nepean catchment, which was in the 
mid-90s a unique model.  The majority of catchment authorities approach to catchment 
management was divided into discrete programmes according to specific areas and/or disciplines, 
such scientific, cultural, recreational, geomorphological etc.   
 
 
1.1.1 Narellan Creek Urban Impact Study: The Narellan Creek Project  
The Trust's Narellan Creek project received government funding of $520,000, which concluded 
in October 2001. This project had been an on-the-ground project involving the community of 
Narellan, Camden Council and the University of Western Sydney.  In response to the eventual 
disbandment of the Trust, by the NSW State government in 2001, a decision made by the 
Minister for Land and Water Conservation, the Hon Richard Amery by the, Mr Rozolli  (previous 
Member of Parliament for  Hawkesbury, a member of the regional advisory committee and 
previous deputy chairperson of the Trust) reported that the community were not only devastated 
by the closure of the Trust, but the also many people in the Narellan area who had been direct 
beneficiaries of the work of the Trust had been significantly impacted. The project had included a 
series of on-the-ground works for the three years from 1996 in partnership with the council, the 
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community and the university. The works included the installation of gross pollutant traps, native 
plant seed propagation, the planting of native vegetation, funding parts of stormwater 
management plans, environmental research studies, and funding local bush care groups, together 
with the ‘Narellan Creek Project: an Urban Impact Study’ sponsored by the Trust. 
 
 
1.2 Significance of the Study 
The Nepean River marks the western boundary of the South West Study Area with tributary 
creeks entering at Greendale (Bringelly Creek), Cobbity (Cobbity Creek) and Camden (Narellan 
Creek).  This thesis will focus on the Narellan Creek sub-catchment (hereinafter referred to as the 
Narellan Creek catchment). Located on the outer western fringe of Sydney, the Narellan Creek 
catchment is an area or rapid urban and commercial development.    
 
The sub-catchments within the Hawkesbury-Nepean catchment, including the Narellan Creek 
catchment are highly degraded due to intensive agricultural activity and poor land use practices. 
Riparian zones along many of the creeks are highly degraded with weeds and streambank erosion 
is evident in many places. (Roberts, 2003).  The Narellan Creek catchment is of particular 
importance within the region due to geomorphological changes associated with major changes in 
land use practice and natural resource management.  The catchment contains several major urban 
developments connecting the two major suburbs Campbelltown and Camden.  Developers have 
targeted the region for the construction of low to medium cost housing mainly for families in the 
low to medium income range.  Local and state government have funded development of 
infrastructure to support business and to provide a fast link to other key built areas, such as road 
links to Parramatta and the Hills district in the West, the city of Sydney.  
 
Over 800, 000 people live in the Hawkesbury Nepean catchment, with an estimated excess of 
30,000 new dwellings being built during the study period, 1996 and 2001, housing approximately 
85,000 new residents (The Hawkesbury Nepean Catchment Management Trust, 2001) 
 
The challenges arising from urban development that are pertinent issues for catchment 
management include: 
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• The conversion of rural or bushland to residential land, which requires supporting 
infrastructure, such as water supply, drainage, power and transport; 
 
• The impact upon native biodiversity which is typically reduced as a result of changes in 
land use; 
 
• The increased population within the catchment imposes additional pressure upon existing 
water supply and the river system. The flow of the river system is already constrained as a 
result of existing environmental degradation;  
 
• Stormwater and treated sewage effluent draining back into the Hawkesbury Nepean river 
system degrades water quality and also impact upon flow and the general health of the 
natural ecosystem. 
 
The New South Wales government’s Catchment Management Act of 1989 provided the 
legislative framework for significant reform to the decision-making and planning towards 
ecologically sustainable development (ESD) and management of resources within catchments. 
This Act led to the establishment of catchment management authorities such as the Hawkesbury 
Nepean Catchment Management Trust and its committees, for the purposes of addressing the 
challenges arising from urban development and the sustainable management of resources within 
specific catchments. 
 
The nature and extent of environmental problems in Australia generally, and in the Hawkesbury 
Nepean catchment necessitates environmental remediation and restoration in order to maintain 
the long-term integrity of ecosystems. This case study was based on the sub-catchment of 
Narellan Creek, which was identified as an area under extensive pressures from increased 
urbanization, industrial development and rapid population growth.  These pressures and 
associated environmental issues continue and remain pertinent today.  Although this case study is 
based on an analysis of the Trust’s activities within the Narellan Creek catchment during the 
period 1996 to 2001, the findings are relevant to the current situation within the catchment, which 
is currently undergoing further urban and industrial development and population growth. Thus 
the environmental issues that were identified at the time of this study remain current and indeed 
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have been further exacerbated by the loss of an authoritative coordinating body such as the Trust.  
This study identified that a governing body such as the Trust had a significant role in the 
coordination of activities of key stakeholders, and including these stakeholders in the 
development and implementation of plans towards the ecological sustainable development of the 
Hawkesbury Nepean catchment and associated sub-catchments. During the period of the Trust’s 
existence there were several studies conducted by various groups within the catchment, including 
extensive monitoring of the environment by local council, the Environmental Protection Agency 
(and others), community education programmes and various other initiatives.  It is interesting to 
note that since the government’s abolition of the Trust in April 2001 there has been minimal 
scientific or other studies within the catchment.  Abolition of the Trust also removed a vital 
mechanism for community involvement in catchment management in the Hawkesbury Nepean.  
The Trust was instrumental in the setting up of community working parties and various 
community action groups, however these are largely no longer in existence. 
 
 
1.3  Research Objectives 
The main objective of this research is to determine how existing catchment management 
processes have resulted in a sustainable catchment with a particular examination of the 
management processes in the Narellan Creek sub-catchment.   
 
The objectives of the thesis research are to identify and analyse environmental management 
systems and to facilitate improved decision-making in land and water resource management by 
investigating community awareness of environmental issues within the Narellan Creek 
catchment; to collate and evaluate existing water quantity and quality data in order to establish a 
benchmark for further studies; and to provide a framework for monitoring water resources in a 
useful and structured way.  These objectives will be discussed in further detail in the 
methodology section. 
 
 
1.4 Outline of the Thesis 
Chapter 1 introduces and lays the foundations for the thesis.  In essence the thesis seeks to 
explain an integrated participatory approach to catchment management, based on an empirical 
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study of the Narellan Creek catchment.   In particular this chapter identifies the field of study, 
namely sustainable environmental management, which is cited as critical for the maintaining the 
state of the environment and valued natural resources within catchment areas.  Catchments such 
as the Hawkesbury Nepean catchment, the major sources of Sydney’s water supply, are under 
significant pressure from changes in land use, increased urbanization and commercial 
development.  The sub-catchment of Narellan Creek within the Hawkesbury-Nepean catchment, 
is described as an example of a sub-catchment under significant pressure arsing from rapid 
urbanization and extent of development.  Moreover the chapter links effective catchment 
management with key success factors, including the management of resources by a centralised 
institutional body, the Hawkesbury Nepean Catchment Trust, which also enabled the 
involvement of all key stakeholders in a participatory and multi-stakeholder approach to 
catchment management.  Participatory approaches as identified by several authors (Narayan, 
1993, Allen & Kilvington, 1999) pose new challenges for decision makers and evaluators. They 
require change at the policy level to respond to local demand, and to empower communities to act 
(Narayan, 1993). In this regard a number of research problems and questions are proposed.   
The necessity of a participatory model of resource management within the Narellan Creek 
catchment as an effective mechanism to support sustainable catchment management is then 
justified.  The key definitions of sustainable development and participation are presented and 
explained.  The Narellan Creek Project is briefly outlined, including an overview of the 
qualitative and quantitative methodologies used, and the significance of the study is justified.  
Finally the research limitations are acknowledged, and issues of confidentiality are addressed.  
 
Chapter 2 presents a literature review that seeks to define stakeholder involvement in catchment 
management, contemporary approaches to effective sustainable environmental management 
practice which is an area of conflicting views identified within the literature.  Moreover it 
identifies that in order to review and analyse the relevant literature on participatory, multi-
stakeholder models of sustainable catchment management, several different yet inextricable 
interlinked issues must be considered: 
 
• The role of the agency in directing the process of integrated approaches to catchment 
management (Walesh, 1999); 
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• Traditional and contemporary models of social organization in association with 
environmental planning (Dryzek, 1993); 
• Community and other stakeholder participation in environmental management (Putnam, 
1995). 
 
Firstly the traditional propensity of expert driven models of catchment management are identified 
and the shift to more democratic pragmatic models of which  encourage community consultation, 
policy dialogue and public engagement is stressed.  Secondly the imperative of an overarching 
institutional framework governing decision making and policy development is considered.    The 
role of community and stakeholders as active participants in decision making and environmental 
planning is examined through a focus on the significance of integrated approaches to catchment 
management.  In this regard the model developed and implemented by the Hawkesbury Nepean 
Catchment Management Trust, which suggests that individuals’ capacities intertwined with the 
collective capacity (of various stakeholder groups) for action is required for the successful 
promotion of effective sustainable environmental management practice is examined.  The role of 
the Trust as the key institutional body for developing a natural resource planning framework and 
coordinating activities in order to achieve effective sustainable management of resources within a 
catchment is examined.   
 
Chapter 3 provides an historical overview and context of the study, presenting the Hawkesbury 
Nepean Catchment, the Narellan Creek sub-catchment, the role of the Hawkesbury Nepean 
Catchment Management Trust and its committees (including the conditions for the formation of 
the Trust and its abolition).   
 
A detailed analysis of past studies and monitoring conducted with the Narellan Creek catchment 
is presented in order to establish a benchmark as to the environmental status within the 
catchment, in particular the state of land and water resources and the ecological environment. 
 
The historical account together with the analysis of scientific data on the catchment provides 
valuable detail as to the context and background of the study. 
 
Chapter 4 presents an overview and an analysis of the research design and methodology used to 
collect the data for this study.  The process of data aggregation for this thesis, namely quantitative 
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research through the collation of existing data derived from past studies, qualitative research 
through survey questionnaires, interviews of key personnel from stakeholder groups, is detailed.  
Finally the link between the research data and research issues and questions is explained and 
analysed.  
 
This chapter details the case study methodology applied in this study of the Narellan Creek 
catchment and justifies the suitability of this methodology due to the complex nature of 
environmental problems, the nature and real world context of the unit of study.  A description of 
the quantitative and qualitative approaches used in the analysis of the complex problems and 
issues within the case, the Narellan Creek catchment are provided. The research design is 
explained, including how acquisition and integration of data and knowledge from various sources 
was achieved.  Both quantitative and qualitative methods were used in the collection and analysis 
of scientific data and also the surveys conducted with the catchment.     The methodology follows 
that prescribed by Scholz and Tlietje (2001) in their review of the application of case study 
methodology, as the approach is often used in order to improve action and make better decisions.  
The authors emphasize that qualitative analysis in real-world contexts is an indispensable 
component of case analysis, and qualify the application of both quantitative and qualitative 
approaches to complex problems, such as those related to the environment,  when using the case 
study methodology. The multi-method approach used in this study is analyzed and its 
applicability justified as it enables the interrelation and integration of variables, findings, and 
evaluations different facets of the case (i.e., different perspectives of inquiry such as participant 
observation, open-ended interviews, etc.) in order to enhance synthesis and knowledge 
integration. Other authors, such as Yin (1994) support the application of case study research in 
real-life contexts where the researcher has little control over variables and the set of events or 
issues under investigation are considered; as is the case with an investigation of science practice 
in catchment management. 
This chapter qualifies the nature of the case study methodology undertaken as action research, 
which follows Kincheloe’s (2005) description of the methodology and in particular how data 
collection and analysis is approached in this methodology.  As an involved participant in the 
Narellan Creek Urban Impact Study, data collection methods and analysis and how this was 
integrated with other activities and adapted over time is detailed within this section. 
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The research methodology is examined and identified as participatory action research, which is a 
specific form of action research designed to bring communities and researchers into close and 
effective partnerships.  As such this approach aligns with social research practice for social 
change (Deshler and Ewert, 1995). Moreover as participatory action research incorporates the 
collective knowledge of the community, this is considered as a significant attribute in that it 
increases the likelihood that research results will be applied by giving the community ownership 
over the research process and its results (Shafer, 1995).  
Chapter 5 presents and analyses the results of the research.  In particular the results of the surveys 
described in Chapter 3 will be analysed. 
An analysis and discussion of participatory approaches to catchment management and the 
application of action research is provided in this chapter.   
Research findings are also examined using a new model of research based on integration and 
referred to as extension theory, described by  Van Kerkhoff (2005)  as a  ‘a move away from 
individualistic, discipline-driven science to utility-focused research that connects research 
activity across a number of boundaries’.  As there is no single agreed definition of extension, a 
number of authors have described the range of types of extension that are undertaken. Black’s 
(2000) typology of extension practice: linear ‘top-down’ transfer of technology; participatory 
‘bottom-up’ approaches (also termed ‘group empowerment’); one-to-one advice or information 
exchange; and formal or structured education and training, together with Coutts and Roberts 
(2003) five interacting models of extension in use in contemporary Australian extension practice 
are considered in relation to the research.   
A comparative analysis of the approach to catchment management undertaken in this study is 
undertaken.  A parallel between this research and Paine’s (2005) description of the unique role of 
extension as that of a ‘mediating practice’; a practice whose characteristic role is brokering 
exchange between different knowledge systems is examined. The stakeholder groups within this 
study are represented as a diverse range of practitioners who play an extension role. These 
include government agency extension agents and their private sector counterparts (developers), 
but also Landcare facilitators, committees, government agencies (the Trust and its committees, 
who mediate between commercial, policy or community interest imperatives), local council the 
community and other groups. 
  Page 13 
It is argued that catchment management is one of the areas in which new brokering forms of 
research are emerging, because catchments are characterised by complexity and thus there is a 
need for multiple forms of knowledge even just to deal with their different biophysical 
characteristics (e.g. ecology, hydrology, chemistry etc). This chapter draws on the case study of 
research involvement in the catchment management of the Narellan Creek catchment in order to 
highlight some of the characteristics of a new brokering science practice and identify some of the 
relationships and implications that this may have for extension. 
 
Chapter 6 presents a conclusion of this thesis and seeks to build on the preceding chapters, in 
particular Chapters 3 and 4, towards addressing the research problem and issues proposed in 
Chapters 1 and 2.  In essence that the framework described in Chapter 2 together with the 
analysis of the data (Chapters 3 and 4) will provide a valuable insight into the effectiveness of a 
participatory, multi-stakeholder model of catchment management, together with key success 
factors contributing towards sustainable management. This model will form a practical 
framework for action that identifies key characteristics that may be used to guide catchment 
authorities in their planning development and management practices.  By drawing together the 
key themes of all chapters this final section aims to address the research issues by identifying key 
success factors in order to achieve a sound ecologically sustainable model of catchment 
management.   Moreover the chapter aims to contribute significantly to the existing body of 
knowledge by presenting a practical and actionable framework for the development of multi-
partisan, participatory approaches to environmental management. 
 
 
1.5 Definitions of key Terms      
Two key terms that are subsequently analysed within the thesis require definition, namely 
‘participation’ which is viewed differently from consultation (viewed as a single event) and as an 
ongoing process. Effective participation requires time, resources, understanding and 
perseverance, that is a development process involving individuals from different backgrounds 
and with different perspectives, skills and knowledge. Participation may thus contribute to 
sustainability, to make environmental activities more effective, and simultaneously building the 
capacity of those involved to continue and develop the initiative. 
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Geographically a catchment may be described as an area of land which drains to a single defined 
point. It can be large or small and can range from the slope of a hill side (or a drained street) 
through to the runoff area of a major river system. 
 
Physically a catchment is comprised of soil, water, air and vegetation. Together these 
components support life and make up an ecosystem in which a whole range of biophysical 
processes operate. Carbon based materials (the ‘energy’ materials), nutrients and water all cycle 
within the catchment area. Each component is linked so that changes made to one will ultimately 
affect one or more of the others (Cummings, 1999).   
Catchment management has been described by a number of authors in as many different ways.  
The Catchment Management Act of 1989 was the legislative framework that initiated catchment 
management within New South Wales. The Department of Land and Water Conservation 
(DLWC) was the government agency responsible for setting up of catchment management 
authorities (committees).   These committees were responsible for the management of natural 
resource and the coordination and integration of activities within catchments. (The Hawkesbury 
Nepean Catchment Management Trust, 2001).  Their primary goal in the management of their 
catchments was to improve land and water management activities and to reduce land degradation. 
Catchment management may be referred to as integrated catchment management, which may be 
defined as a strategic and multi-objective approach for the improved management of natural 
resources on a catchment basis. Catchment management and integrated catchment management 
are concepts often used interchangeably.   Both approaches incorporate:  
• goal and priority setting for a catchment,  
• assessment and monitoring of resources,  
• coordination and sequencing of the management activities. 
In general catchment management (which includes integrated catchment management) process is 
a way of managing the environment in a sustainable manner i.e. meeting the needs of the present 
generation without compromising the needs of future generations 
It brings the community and government together to plan and manage for the future and helps 
maintain a high quality environment.  Management decisions operate at a catchment level: the 
catchment is defined by the river draining the land in the area.  The process can take many forms, 
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but decisions are typically done on a consensus basis, normally after consultation and with the 
help of relevant experts.  
In order to carry out catchment management in an area, it is necessary to identify the key 
stakeholders (i.e. interest groups) and develop a plan of action through participation and 
consultation. A catchment management plan is prepared which outlines the objectives of the 
process, the issues involved and the solutions proposed, including a realistic timeframe. The 
gathering of background information is crucial to understanding issues within the catchment. 
The success of catchment management depends on active participation of all the stakeholders. 
This build up of trust between groups is considered to be an essential requirement.  
Participatory approaches or models of catchment management align with the underlying 
philosophy of an integrated approach, whereby actions involve various stakeholders including 
State Government and its agencies, local council, the private sector (developers). Land care 
groups, the community, committees and other groups. Stakeholders and agencies are recognized 
as being in a powerful position to influence land, water and vegetation management.  This 
approach/model recognizes that different stakeholders and agencies have different areas of 
responsibility, resourcing and legislative backing. A participatory approach requires that 
stakeholders work together in a cooperative and constructive way, consistent with the views and 
aspirations of the community, agencies can have a major bearing on the future of the catchment. 
 
Catchment authorities formed as a result of the State’s Catchment Management Act, 1989, such 
as the Hawkesbury Nepean Catchment Management Trust, and catchment management 
committees provided a mechanism for improved cooperation between and within agencies, their 
role was  to foster closer links between the community and government. Similarly, it was 
expected that catchment plans being developed by the catchment management committees would 
provide a community perspective on the priority environmental issues within catchments, and 
identify tasks to be undertaken and who needed to take responsibility for the task identified. 
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1.6 Limitations and Key Assumptions    
This thesis is bound by the proposed research problem and issues associated with the selected 
area of study, the Narellan Creek catchment and the Hawkesbury Nepean River system, and 
exclusively at the activities of the Hawkesbury Nepean Catchment Management Trust, and how 
catchment management practices may be improved by enabling an active, participatory approach 
to management and decision making and a collaborative approach between stakeholders. 
Undeniably, other factors not included in this thesis may contribute towards an ecologically 
sustainable model of catchment management.  Nevertheless the findings of this study indicate the 
significant contribution of a single and local catchment authority, providing an institutional 
framework for effective planning and decision making in order to develop effective management 
practices. 
 
Furthermore this study is limited by the research design and methodology restricting the scope 
and depth of the research.  In particular, the data aggregation and time period of the study may be 
deemed reductionist and the applicability of the recommendations may be questioned in the 
current and continuously changing environment.  Nevertheless given the extent of compilation of 
historical data, the two surveys conducted and the cross-section of representatives from various 
stakeholder groups which were consulted, the data collection process is considered to be 
representative.    Moreover the restriction and nature of the research design is primarily governed 
by the fact that the study was sponsored and thus controlled by the Hawkesbury Nepean 
Catchment Management Trust, which was responsible for funding and providing resources to the 
Upper Nepean Catchment Management Committee for the development and implementation of 
the Narellan Creek Project.  Deviation in the findings may be attributed to sample selection 
process for the two surveys conducted, as information was not obtained from the entire 
population within the catchment, also interviews and consultation was constrained to selected 
representatives from various stakeholder groups deemed to be significant professional groups 
with relevant expert knowledge on the catchment   Consequently findings may be biased and not 
entirely representative of the study.  Nonetheless, given the wide sample of stakeholders, the 
scope of the surveys and the richness of data collected it is believed that this methodology will 
provide a representative analysis of a typical catchment undergoing rapid urbanization and 
extensive development within the Sydney region.    
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 1.7 Ethical Considerations 
The methodology of this thesis involves primary research, namely the implementation of two 
survey questionnaires, interviews and consultation with key personnel from various stakeholder 
groups.    This process resulted in sensitive and confidential information.  This information has 
been used for the purposes of academic study and also reported to Hawkesbury Nepean 
Catchment Management Trust, as sponsors of the study.  Material has not been made public 
without the express permission of the stakeholders and individuals concerned. 
 
Since participatory action research has been used in this study as this research explicitly 
recognises that natural resource management issues is carried out in real-world circumstances, 
and involves close and open communication among the people involved, ethical issues must be 
considered by the researcher during the research process. The major ethical considerations 
relevant to this study as outlined by Winter (1996) included: 
 
a. Consultation with all relevant persons, committees and authorities prior to 
conducting the research, and acceptance of the guiding principles governing the 
research; 
b. Invitation and provision for all participants to become involved with the research if 
chosen to do so; 
c. Regular communication with all relevant people and groups on the progress of the 
research and their suggestions sought;   
d. Permission obtained before making observations or examining documents produced 
for other purposes; 
e. Consultation with relevant parties prior to representation of their work and points of 
view; 
f. Maintenance of confidentiality and anonymity of participants. 
  
The research was conducted under the guidance of the Hawkesbury Nepean Catchment 
Management Trust and its various committees.  Specific decisions and the direction of the 
research was determined by relevant parties as participants of various sub-committees and 
working groups responsible for identifying and  investigating the various issues and problems 
within the catchment. 
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 The sub-committees and working groups comprised representatives from relevant institutional 
bodies and volunteers from the public, all of whom together with the principle researcher had 
some level of interest and bias.  Information gathered during the research process was 
disseminated to all participants during meetings, presentations and the provision of reports.  
Active involvement of all relevant parties within the catchment was sought through open 
invitations to attend public forums to discuss general environmental issues and concerns within 
the catchment which were conducted during the initial stages of the study.  
 
As previously discussed the study was an external project sponsored by the Hawkesbury Nepean 
Catchment Management Trust, ethics approval for the survey questionnaire an interviews with 
key stakeholders was sought from the Trust.  However research instruments and procedures and 
were in alignment with protocols approved by the UWS ethics committee.  The information 
obtained from primary research will be used for the purposes of academic study only and will not 
be made public without the express permission of the companies and individuals concerned. 
 
 
1.8 Conclusion 
This chapter lays the foundations for the thesis.  In doing so it highlights the challenges and 
issues faced by the Hawkesbury Nepean Catchment Management Trust, in particular the 
environmental issues and problems associated with greenfield development, changes in land use, 
and the requirements of and impacts from an increasing population.  This chapter has emphasised 
the important role of a single local catchment management authority, such as the Trust towards 
the development of sustainable catchment management practices in changing contemporary 
environments.   
 
The significance of participatory approaches towards the sustainability of catchment management 
and development is accented by a detailed examination of the management processes 
implemented by the Trust in the Narellan Creek sub-catchment.   In particular the role of 
stakeholders working together in a cooperative and constructive way, that is consistent with the 
views and expectations of the community, is recognized as having an important bearing on the 
future of the Narellan Creek sub-catchment. 
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The evaluation of community awareness of environmental issues and analysis of existing water 
quantity and quality data within the Narellan Creek catchment is considered as a useful 
framework for monitoring water resources in a structured way. The direct involvement of 
stakeholders in the development of collaborative environmental management systems is 
recognised as a significant in the improved decision-making in land and water resource 
management by the Trust.  
 
Chapter 2: Literature Review 
This chapter includes an examination of the relevant literature on catchment management.  The 
key elements of a natural resource planning framework revealed the following significant 
management elements: integration, adaptation and participation. 
 
The literature suggests that in order to promote effective sustainable environmental management 
practice the most important level at which integration is required is at the local and regional level, 
which combines agencies and land owners and other stakeholders across disciplines (boundaries 
of expertise).  The Hawkesbury Nepean Catchment Management Trust recognized the 
significance of community involvement in both an advisory capacity (to identify attitudes and 
needs) and behaviourally in the active management of resources in the catchment.  The Trust’s 
philosophy was that community participation was a vital factor if sustainable resource 
management was to be achieved. 
 
This study provides some background, examines the issues which have been addressed by the 
project, and provides options to enhance integration for the sustainable management of natural 
resources within a catchment.  As scientific research and environmental monitoring were 
important components of the study, this review begins with a brief overview of stream ecology, 
before proceeding with a discussion of catchment and environmental management. 
 
2.1 Information on Water Quality and Ecology 
Various sources were accessed for data and information available on water quality (SPCC, 1983; 
Saunders, 1991; Kerr, 1994; AWT, 2001) and aspects of the ecology of the Hawkesbury-Nepean 
River system (Hunt and Simmons, 1986; Jones Watson-Russell and Murray, 1986; Harris, 1988; 
Pollard and Growns, 1983; Recher Hutchings, and Rosen, 1993; Gehrke and Harris, 1996; 
Cummins and Glug, 1997; Growns and Growns, 1997; Roberts, Church and Cummins, 1999) yet 
little information was available on the tributary creeks and wetlands within the general study 
area.  
 
Some streamwatch data on the quality of water in creeks and permanent water bodies exists 
however these types of data are generally of limited utility because of the issues associated with 
their quality control. Specific studies on some creeks within the region had been conducted, 
principally during the period the Hawkesbury Nepean Catchment Management Trust was in 
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existence as the catchment authority. For example, a study of the water quality, sediments and 
macroinvertebrates within Narellan Creek was commissioned by DLWC (AWT, 2001) with the 
general conclusion that water and sediment quality within the creek did not meet ANZECC 
(2000) guidelines. Macroinvertebrate diversity and abundance within Narellan Creek was also 
considered to be low (AWT, 2001), however it was not clear what this “score” was compared 
with. An assessment of riparian health was also done along the Nepean River in the Camden area 
where 80% of the sites assessed had an overall rating of “poor” due to bank disturbance and weed 
infestations (Adams, 2000). Some of the councils were also regularly collect water quality 
information at sites within their local government areas.  An analysis and summaries of the data 
and information from studies conducted within the area of study are presented in Chapter 3. 
 
 
2.2 Overview of the Ecology of Narellan Creek Catchment 
 
Urbanization and development of catchments has caused major disturbances to aquatic systems in 
NSW. The impacts associated with anthropogenic disturbance generally include the loss of 
aquatic habitat and reduced biodiversity. Examples of disturbance include water pollution and 
eutrophication and in some systems, river regulation. The health and function of an aquatic 
ecosystem is directly dependant on the integrity and influence of its surrounding catchment. 
Changes to catchment hydraulics through increased percentage of hard surfaces as a result of 
development, alters the amount of surface run-off (CRC, 1997). This in turn may lead to stream 
bank erosion and greater amounts of sediments leaving the catchment and entering the 
waterways. With increased urbanization and poor land-use practices, the degradation of natural 
vegetation has placed receiving waters under greater pressure (Smith, Wellington, Nachlinger, and 
Fox, 1991). The clearance of riparian vegetation usually results in the intrusion of weeds and 
erosion of riverbanks (Smith et al., 1991). Riparian vegetation has several primary physical and 
biological functions, which are particularly important in maintaining the health of aquatic 
systems (Turak and Bickel, 1994). Apart from these physical benefits, riparian vegetation also 
increases habitat structural complexity by providing habitats for organisms to live and organic 
matter for organism to feed (Cummins et al., 1997). Consequently functioning riparian zone is a 
vital prerequisite to the health of an aquatic ecosystem.  
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The native aquatic organisms that inhabit rivers, streams and wetlands in Australia have adapted 
to millions of years of cycles of drought and flood, which provide natural variability to river 
ecosystems (McMahon and Finlayson, 1992). The variation in water flows of aquatic systems 
helps to maintain the natural biodiversity within the aquatic ecosystem. River regulation, water 
consumption and pollution from development all threaten these ecosystems by reducing this 
variability (Walker and Thoms, 1993; Harris, 1995; Gehrke & Harris, 1996). The diversity and 
abundance of fish species is controlled by the flow regime, food supply, water quality, biotic 
interactions and habitat structure (Harris, 1995). Impoundments and structures can create barriers 
that obstruct the movement of fish within river systems and greatly effect their life cycles 
(Gehrke & Harris, 1996). Examples of these impoundments and structures within the catchment 
include gross pollutant traps, concrete channelization, man made dams and weirs.  Disturbance 
within aquatic systems has also tended to favor the proliferation of introduced species such as 
mosquito fish (Gambusia) and aquatic weeds, such as Azolla and Salvinia.  
 
Aquatic macroinvertebrates also play a crucial role in the energy dynamics of aquatic systems. 
Different types of instream habitats support different assemblages of macroinvertebrates (Kay, 
Smith, Pinder, McRae, Davis, and Halse, 1999). The relationship between habitat complexity and 
macroinvertebrate abundance and richness has been shown to be important for the health of 
aquatic ecosystems. Macrophytes can modify the physicochemical conditions, form structural 
habitats for epiphytes and fauna, trap detritus, provide shelter, compete with algae and provide a 
detritus input to food chains (Carpenter and Lodge, 1986). Studies of macrophyte and 
invertebrate associations have emphasized the role of structural complexity in determining the 
composition of assemblages of macroinvertebrates (Cummins et al., 1997).  
 
The distribution and abundance of macroinvertebrates can also be affected by changes in the flow 
intensity and pattern (Growns and Growns, 1997), pollution (Wright, Chessman, Fairweather, 
and Benson, 1995), and differences in habitat and structure (Parsons and Norris, 1996; Kay et al., 
1999). The discharge of sewage and other toxicants has been shown to reduce the species 
diversity and abundance of macroinvertebrates because some species are sensitive to these types 
of pollution (Chessman, 1995).  
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Schofield and Davies (1996) argue that traditional physico-chemical water quality monitoring 
methods have failed to provide a consistent and comprehensive assessment of river condition, 
and provide little information about the ecological state or environmental quality of aquatic 
systems.  In particular, information from this type of monitoring may be inadequate for assessing 
structural impacts that have led to alterations in river flow regimes, loss of habitat, obstructions to 
passage and riparian degradation (Harris, 1995). Macroinvertebrates and macrophytes have been 
successfully used as indicators of river health. Using a suite of biological indicators because they 
are sensitive to the cumulative impacts of a wide range of disturbances (Turak and Bickel, 1994), 
together with the more traditional physico-chemical water quality monitoring methods should 
provide a more comprehensive, multi-dimensional picture of the state of aquatic ecosystems. 
 
 
2.2.1 Stakeholder Involvement in Catchment Management: A Participatory Approach 
Wagenet and Pfeffer, (2007) identify two contemporary challenges associated with sustainable 
catchment management, which are to solve water quality problems and to engage stakeholders. 
The current view is that success in environmental management comes from a number of varied 
public actors rather than from inclusion of only those identified as key agents or special interest 
groups (Walesh, 1999; Smith, Nell, and Prystupa, 1997; Sanoff, 2000).   A “top-down” view of 
public participation as described by Walesh (1999) identifies the agency as directing the process 
and the environmental experts as being responsible for  (1) conveying awareness of the 
environmental problem, (2) gathering  suitable information, and (3) building support for 
implementation.  
 
Many authors have developed plans for water quality improvement as well as studying the 
characteristics of successful catchment management relations. All of the studies and approaches 
undertaken include public involvement at nearly every stage, however the framework continues 
to be one in which a key agency or regulator, typically a government body such as the 
Hawkesbury Nepean Catchment Management Trust is in charge (NRC, 1999; Cortese, 1999; 
Walesh, 1999; Mullen and Allison, 1999; Sexton et al. 1999; Daniels and Walker, 1996). It is the 
agency decision makers who define the citizen or stakeholder role in the process.  These same 
agency decision makers may constrain participation, for example by limiting the environmental 
issues, achieved through timing, publicity, control over report authorship, etc., (Wagenet and  
Pfeffer, 2007) which Irwin (2001, 9) describes as ‘‘preframing the agenda.’’ 
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 Dryzek (1997) compares two abstract models of the social organization of environmental 
planning: administrative rationalism and democratic pragmatism.  Administrative rationalism is 
based in professional resource management bureaucracies, is expert driven, and has an emphasis 
on regulation and the rationalization of environmental planning. Whereas democratic pragmatism 
involves elements of public consultation, alternative dispute resolution, policy dialogue, public 
engagement, and an emphasis on local decision making and local control. Dryzek (1997) states 
that democratic pragmatism is limited due to the existence of power differentials among 
stakeholders with competing interests. He also argues that there typically exists weaker 
institutional support of public interests than of private ones.  This may be due to funding or 
policy change.  The traditional model of administrative rationalism continues to influence the 
current the shift towards democratic pragmatism.  Many authors see this movement toward 
including broad-based input in environmental management decisions as being positive for both 
ecosystem and human well-being (Williams, 2002; Ravindra, 2000; Zazueta, 1995). However, 
there are varied approaches and views concerning the best way to involve the community in 
decision making (Finnegan and Sexton, 1999). Kraft (1999) concurs and sees public opinion in 
the past few decades as having had a significant impact on environmental policy, however that 
the inherent problem is that public opinion does not necessarily coincide with scientific evidence. 
John and Mlay (1999, p.361) suggest a dual system which is comprised of strong centralized 
regulatory infrastructure combined with focus on ‘‘top-down support for bottom-up initiatives.’’ 
 
There is significant interest at the local, state, and national levels in strengthening citizen and 
stakeholder participation in environmental management (Wagenet and Pfeffer, 2007). In the past 
few decades the popularity of some forms of engagement has increased while others have 
declined (Putnam, 1995; 1996; 2000; Smith et al., 1997). Also alternate contemporary forms of 
involvement have emerged in conjunction with the rise of new environmentalism.  New 
approaches to achieving and sustaining  public concern and involvement  have dominated the 
literature, yet Smith et al. (1997) note that there exists little understanding of the underlying 
tenets. Furthermore, Smith et al. (1997) state that many of the recommended approaches are 
based on untested and uninformed assumptions. 
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Internationally, discussion and debate surrounding environmental issues has occurred at the 
various significant conferences, including ‘The Earth Summit’, a United Nations Conference on 
Environment and Development (UNCED), held at Rio de Janeiro in 1992.  A significant outcome 
from this conference was the reaffirmation of the ‘Declaration of the United Nations Conference 
on the Human Environment’, which was adopted at Stockholm on 16 June 1972.  With the goal 
of establishing a new and equitable global partnership through the creation of new levels of 
cooperation among States, key sectors of societies and people, that are to achieve ecologically 
sustainable development through participatory methods.  The UNCED conference emphasized 
the need for integrated strategies to promote human development through economic growth based 
on sustainable management of the natural resource base (Report of the Secretary-General, United 
Nations, 1997). 
Also emerging from conference discussion was the need for public participation in 
intergovernmental communications, that is increased dialogue at all levels of government, 
allowing for increased communication and cooperation between governmental and non-
governmental organisations, inclusive of all stakeholders. Indeed, Rio provided a clear role and 
responsibility for all sections of society, with the recurring message that “real change is most 
likely to come with the involvement of ordinary people” (Wynberg, 1993 p. 1) and that 
stakeholder participation should be encouraged and supported in order to continue in a 
sustainable manner. 
 
The action plan that emerged from the UNCED conference reflects an approach to planning and 
development that recognises the linkages between economic growth, social equity and protection 
of the environment. This agenda clearly identifies ‘information’, ‘integration’, and ‘participation’ 
as key building blocks to help countries achieve development that recognises these interacting 
factors. It emphasises that in sustainable development all stakeholders as users and providers of 
information. It stresses the need to change from old sector-centred ways of doing business to new 
approaches that involve cross-sectoral coordination and the integration of environmental 
concerns into all development processes (Allen, Kilvington and Horn, 2002). Furthermore, 
emphasis is placed on the requirement of general public participation in decision making is a 
fundamental prerequisite for achieving sustainable development. 
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2.3 Models of Catchment Management 
The sustainable management of water ecosystems, catchments, has become predominantly 
important globally.  In the past few decades the level of attention and value placed on the 
environment and the depletion of natural resources has increased. Public attention has increased 
partially as a result of scientific evidence on the effects of global warming upon water and other 
valuable resources. Consequently governments have in turn focussed on environmental policy 
development and the formation of agencies that promote and implement sustainable management 
practices.   
 
The Stern Review on the Economics of Climate Change (2006) places considerable value on the 
challenge of “building and sustaining collective action”, and emphasis is placed on the urgency of 
action in order to mitigate the impacts resulting from shifts in land use patterns and climatic 
change. The  Stern Review describes government institutional bodies such as the Hawkesbury 
Nepean Catchment Management Trust as pivotal for the provision of formal frameworks for 
building and sustaining partnerships “between the public and private sector, working with civil 
society and with individuals”, and their role as instrumental for preserving diminishing natural 
resources such as water.  Participatory decision making is necessary for the development of 
“shared understanding” of the issues and possible solutions to the broad scope of environmental 
problems encountered in fragile ecosystems, such as observed in the Narellan Creek catchment. 
The Stern Review predicts that environmental problems such as declining water quantity and 
quality observed in the Narellan Creek catchment will continue and are likely to be exacerbated 
by climate change.  Governments need to create institutions such as the Trust, as they serve to 
underpin co-operation between stakeholders, in order to “broaden and deepen participation across 
all the relevant dimensions of action” (Stern, 2006, p. xxvii).  The Stern Report emphasizes that 
collective and immediate action is imperative to remediate the impact of changes in land-use and 
the environmental pressures generated by public and commercial development, and to mitigate 
adverse climatic change, which will give rise to future environmental challenges. 
 
Water ecosystems are geographically bounded and in most countries are referred to as water 
catchments or watersheds.  Simultaneous to higher levels of government environmental policy 
development is the movement away from traditional technically oriented models towards the 
design of integrated models for the participatory formulation of water management strategies. 
  Page 27 
Government agencies in countries around the globe have developed and implemented a wide 
range of integrated models of catchment management. The efficacy of these various models is the 
focus of current research within the field of water resource management.   
 
Community and other stakeholder needs and interests vary widely and evolve in response to 
environmental change.  The dynamism and rate of change persists within the Narellan Creek and 
still provides unique challenges for policy and decision makers alike.  These changes, in turn, 
provide a basis whereby the community, government agencies, institutions, businesses and other 
stakeholders can work together and develop improved and sustainable catchment management 
strategies.  Hence the Trust and similar agencies in the management of catchments shifted 
towards participatory approaches to management strategy development, with the inclusion of all 
stakeholder in every stage of the research process.  Participatory approaches attempt to ensure 
that research is more linked to management strategy, policy development and the needs of all 
stakeholders, together with facilitating commitment to strategy and policy implementation 
through inclusion and direct involvement of stakeholders from the grassroots and up (Allen and 
Kilvington, 1999; Walesh, 1999). Such approaches are built upon principles of experiential 
learning and systems thinking (Allen, Bosch and Gibson, 1995), and the importance of multiple 
social perspectives in successful resource management.  These principles that underpin 
participatory integrated approaches to catchment management have “formed the basis for the 
development of a robust framework” (see Figure 1) “which is bringing scientific and local 
knowledge systems together into a single, accessible and structured focal point, to support the 
identification and adoption of more sustainable land management practices” (Allen et al, 1995; 
Bosch et al, 1995; Gibson et al, 1995). Researchers, the wider community, decision and policy 
makers are recognised as forming elements of a catchment information system (Roling 1988).  
“This provides a richer role for extension activities to support the development of community 
dialogue processes, within which people interact to create new knowledge and broaden their 
perspective of the world.” (Allen et al., 1995) 
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Figure 1: A participatory research framework to facilitate the identification and introduction of 
more sustainable land management practices. Source: Allen, Bosch, and Gibson (1995) 
 
  
This research considers the catchment management programme implemented by the Trust as an 
example of the way in which institutions are being developed and redesigned, not only to meet 
the challenges prompted by the emergence of new policies such as sustainable development, but 
also as a means of addressing community interest and concerns on environmental issues (Wood, 
Handley and Kidd, 1999).  The rise of ‘new environmentalism’ has received much attention by 
researchers and has become the focus of current public policy (Healey and Shaw, 1993; Bishop, 
1996).  Wood et al (1994) argue that the agenda of sustainable development presents a 
formidable challenge to established institutional mechanisms for the delivery of policies and 
programmes.  Government agencies such as the HNCMT were pressured into developing 
innovated mechanisms for environmental management.  There appears to be an emerging 
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consensus as to how management systems should be arranged, i.e. a more cross-sectoral 
approach, in order to link policy to mechanisms of action.  The current view is that new structures 
should facilitate co-operation and co-ordination both within the public sector, and between public 
and private sectors and local communities (Wood et al, 1999).  These structures should also 
encourage and build upon local initiatives and community involvement (Commission of the 
European Communities, 1992; Blowers, 1993).   An institutional design for sustainability has 
been proposed (Healey, 1997), that sets out parameters which should be satisfied in the design of 
participative and democratic governance which are equally fundamental to a sustainable 
development perspective.  This framework provides a basis for the analysis of innovative forms 
of organization which are emerging in environmental planning and management and will be used 
to appraise the structures and activities of the Trust. 
 
Catchments, also known as watersheds, are areas delineated by natural hydrological boundaries. 
The natural resources that exist within rely heavily upon the quantity and quality of water present 
(Reimold, 1998).  Waters from river systems within catchments drain into a specific watercourse 
or body, such as the Nepean River.  Over the last several decades public awareness and concern 
has focused upon the management of natural resources and the growing realization that the 
quality of water is one of the most important indicators of the health of the environment.  
Improvements in the quality of rivers lakes, streams, ponds and wetlands have significant impacts 
upon the condition of surrounding lands, flora, fauna and the environment in general.  The 
integration, coordination and management of human activity within catchments are now viewed 
as being critical (Reimold, 1998).   
 
Underlying the successful management of catchments is the need for a comprehensive 
understanding of the natural components of catchments and their interactions.  The application of 
ecological and sustainable development principles has become a topic at the forefront of natural 
resource management (Newson, 1995; Brooks, Folliott, Gregersen and Debano, 1997; Reimold, 
1998)  
 
Historically, soil conservation management practices were the focus of natural resource 
management practices.  However, with the change in land-use patterns from agricultural to 
greater urban and light-heavy industrial and commercial use, there has been a distinct shift in 
natural resource management practices to include the whole urban-rural landscape.  The resultant 
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complexity of effective practices has increased due to the interconnected social and human 
dimension of urban areas, space and also the economic value placed on different types of land use 
(natural-urban-rural).  Differences in rural versus urban land use have significant impacts upon 
the quantity and quality of water within catchments, as well the stability and functions of the 
lands (Reimold, 1998). 
 
The integration, coordination, and management of human activities within natural catchment 
boundaries involve a number of activities, such as river basin planning; monitoring of water 
quantity and quality; control of wastewater discharge; stormwater and other nonpoint source 
pollution management, wetland area restoration and protection and other related initiatives.  
Reimold (1998) and others place emphasis on the  
 
The relative stability and function of catchments are determined by flow rates, movement of 
substrates and activity patterns generated by humans and other organisms.  The distinct 
interrelatedness between land, flora, urban structures and waters underpins the currently popular 
unified approach to catchment management.  Consideration of catchments as management 
entities is not new.  An approach that involves all stakeholders, sharing of resources and expertise 
and authority is recognized as the best approach to effective catchment management.  The 
requirement to manage both the natural resources (air, water, flora and fauna) and the 
anthropogenic impacts (rate and extent of urban development) has resulted in the promulgation of 
regulatory and restrictive mechanisms as preventative measures. 
 
In Australia there exists a tradition against land-use planning at the national level.  Arguably this 
has in part originated from the view that national planning can be seen as abrogating the rights of 
the individual ownership of the land.  National regulatory mechanisms to maintain and restore the 
biological and chemical integrity of the nation’s waters include the Healthy Rivers Act and the 
Clean Water Act.   The environment is one of the most important issues facing Australians today. 
It has also been an issue sometimes marred by damaging intergovernmental disputes, as 
governments respond to the challenge posed by public demands for a better and healthier 
environment.  
 
The then Prime Minister's One Nation Statement in 26 February 1992 announced that agreement 
had been reached on an Intergovernmental Agreement on the Environment.  The agreement 
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represented the beginning of new approaches to intergovernmental dealings on the environment. 
The purpose of the new cooperative approach to the management of environmental issues in 
Australia, was that it would serve as a tool for providing: 
• a cooperative national approach to the environment;  
• better definition of the roles of respective governments with respect to the 
environment;  
• a reduction in intergovernmental environmental disputes;  
• more certain government and business decision making; and  
• better environment protection.  
 
There is a growth in public concern internationally on the management  of natural ecosystems, 
notably  sustainable development.  From this and of specific importance to this study stems the 
following key questions: 
 
• How are catchments defined/described? 
• Water are the current approaches to catchment management? 
• What are the outcomes of these approaches? 
• Why has catchment management been successful and why has is failed? 
• What are the best catchment management options and how can they be implemented? 
• What is the best combination of regulatory, voluntary, participatory approaches? 
 
State of the Environment (SoE) Reports provide information on the environmental conditions in a 
given area over a specific period of time, an assessment of the human impacts and describe any 
remedial measure undertaken to improve the general conditions within the environment.  These 
reports are produced in most industrialised countries, and are a requirement for member nations 
of the Organisation for Economic Cooperation and Development (OECD), (HNCMT, 1996).  In 
Australia most states together with some local governments produce regular reports on 
environmental conditions (EPA, 1995). 
 
From a global perspective an annual State of the World report is produced by the Worldwatch 
Institute, which deals with economic and social issues arising from unstainable use of natural 
resources. In Australia a national SoE report is published every four years covering the state of 
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and changes in the Australian environment (atmosphere, inland waters, marine and estuarine 
waters, landscapes and associated resources, biodiversity, environment-related public health, 
human settlements, culture and heritages); the broader impact of human activities on the 
environments (such as consumption patterns, energy production and use, international trade, 
changes in population,  
 
The Australian Environmental Protection Agency (EPA) endorses an integrated approach to 
environmental catchment management. This initiative requires a participatory approach, 
involving local community-based consensus building together with other stakeholders within the 
catchment (developers, local councils, environmental groups and other agencies) to make sound 
environmental management decisions.  This more contemporary approach acknowledges the 
importance of both industrial and municipal pollutions.  Environmental benefits are optimized 
because resources are pooled and shared.  Enhancement of public awareness of the outcome of 
their activities upon water resources is diverted away from the focus on administrative 
requirements.  Stakeholder cooperation is recognized as being the controlling factor in effect 
catchment management (Stave, 1996).  Community building occurs through cooperation and 
collaboration, as stakeholders develop a sense of common purpose and so sustainable or long 
reaching solutions are developed.  Coordination of monitoring and reporting activities within the 
catchment also saves valuable time and money.  The involvement and coordinated activities of all 
stakeholders provides a sounder basis for predictability for the regulated community and a better 
understanding of the environmental policies required and how they may be achieved. 
 
Key components for catchment management plan formulation (are adapted from Reimold, 1998): 
• Definition of the management unit: the catchment 
• Management cycles: a state’s grouping of basins and the frequency of management 
development and revision 
• Stakeholder involvement 
• Strategic monitoring 
• Assessment, analysis of data 
• Development of management strategies and their implementation: targeting and 
prioritization 
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Reimold and Singer (1998) describe four major features of catchment management: targeting of 
priority pollutants, stakeholder involvement, integrated solutions and measuring outcomes.  They 
argue that development of effective approaches to management require a strong monitoring and 
evaluation component.  The use of existing data, stakeholder identification of stressors and 
prioritization of these stressors are all important stages of plan formulation.  Monitoring will 
reveal the effectiveness of management strategies used to address these stressors. 
 
The Catchment Management Act of 1989 marked the beginning of changes in catchment 
management on a state-wide basis in NSW. Best practice models, such as in figure 2, emerged 
with the recognition that a more integrated approach to catchment management, supported by a 
statutory and institutional framework yields more positive and measurable outcomes 
(Hawkesbury Nepean Catchment Management Trust, 1998; ANZECC, 1997).  Catchment based 
remediation activities necessitate long-term commitments from all stakeholders.  Consequently, 
all impacts upon water quality must be reported and importantly stakeholders need that feedback 
in order to assess whether their efforts are resulting in positive improvements.  Catchment 
management authorities, such as the Trust were formed and began to concert efforts towards 
recognition and prioritization of issues and increasing their role in natural resource management. 
The role of catchment management committees has further evolved  however the full potential 
for total catchment management has never really been using traditional best practice models has 
not been achieved.  The varying level of commitment from the various stakeholders, including all 
levels of government and the community, posed a notable barrier. In response The Trust 
recognized that to be most effective a more concerted and coordinated approach was required, 
together with the commitment of all stakeholders and notably the broader community.  The Trust 
envisaged that its catchment management committees, to be the most effective mechanism to 
achieve sustainable catchment management (Hawkesbury Nepean Catchment Trust, 1998). 
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Figure 2: A Best Practice Model of Catchment Management (from ANZECC Working Group on 
National Parks and Protected Area Management – Benchmarking and Best Practice Program, 
1997) 
Extension is a profession concerned with communication, information exchange and promotion 
of learning in order to build capacity and change practice. While there is no single agreed 
definition of extension, a number of authors have described the range of types of extension that 
are undertaken. Black (2000) identified four main types of extension: linear ‘top-down’ transfer 
of technology; participatory ‘bottom-up’ approaches (also termed ‘group empowerment’); one-to-
one advice or information exchange; and formal or structured education and training. More 
recently, Coutts and Roberts (2003) described five interacting models of extension in use in 
contemporary Australian extension practice. Significantly, ‘top down’ transfer of technology was 
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not included. This highlights the many changes that have occurred in extension practice since the 
days when ‘transfer of technology’ was the dominant model. Black’s other three types of 
extension were identified, along with two additional models (technological development and 
information access). The ‘transfer of technology’ approach has been heavily criticized for the 
way in which it describes knowledge flowing in one direction only; from science (at the top) to 
farmers (at the bottom). Many of the key points of this critique are summarized in Vanclay’s 
(2004) social principles for agricultural extension. In particular, within contemporary models of 
extension, alternative knowledge systems to science (such as farmers’ local, experiential 
knowledge) are recognized as valid sources of ‘truth’. The diverse goals of different stakeholders 
are also recognized as valid; the goals implied within technological innovations are no longer 
prioritized to the extent they once were.  Although ‘best practice models’ have been superseded 
by multi-stakeholder, participatory and other multi-dimensional approaches to the management of 
catchments and the environment in general, key elements such as the role of stakeholders, 
effective planning, monitoring and evaluation remain components of more contemporary 
approaches. 
 
2.3.1Contemporary Research on Catchment Management 
Extension research has emerged as a new form of research applicable to, and informing 
environmental management practice.  Van Kerkhoff (2005) describes this new model of research 
as one of integration, ‘a move away from individualistic, discipline-driven science to utility-
focused research that connects research activity across a number of boundaries’. Authors such as 
McLuskey (2006), Love Paine Melland and Gourley (2005), Roling (1998) suggest that some 
forms of research are playing a brokering role between knowledge types; similar to the brokering 
role that has previously been claimed as the unique role of extension. This is prompting a 
renegotiation of roles between research and extension. It has been suggested (Love et al. 2005) 
that research seems to be encroaching on the brokering role of extension, there are actually 
characteristic differences between the way in which research and extension play this role that 
suggest possibilities for them to work together in a complementary rather than competitive way. 
The aforementioned authors suggest that catchment management is one of the areas in which new 
brokering forms of research are emerging, because catchments are characterized by complexity 
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and thus there is a need for multiple forms of knowledge even just to deal with their different 
biophysical characteristics (e.g. ecology, hydrology, and soil chemistry).  
It has been reported (Love et al., 2005) that a relationship between research and extension is 
evidenced by a case study between the researchers, (representatives of the Victorian Department 
of Primary Industries) participating in collaborative catchment management in the Tarago 
catchment, which is similar to this study in the Narellan Creek catchment.   
Key findings from the study of the Tarago catchment included: (1) Some research groups act as 
knowledge brokers between different scientific disciplines, between science and other knowledge 
systems, and between the goals of different catchment management stakeholders. (2) The concept 
of ‘practice change’ hides the critical uncertainties that need to be addressed in dealing with 
complex natural resource management issues, because uncertainty surrounds the link between 
practice and NRM outcomes, and the way in which multiple goals should be negotiated. (3) 
Research has tools for dealing with uncertainty around the link between practice and outcome. 
Extension has tools for dealing with uncertainty around multiple goals. This complementarity 
provides an opportunity for improved ‘practice change’ (Young et al., 2005). 
The literature indicates that to date the various approaches to catchment management have not 
reached their full potential. The above review of models of catchment management suggests that 
an integrated catchment approach is of recognizable value. However the adoption and long term 
success of an integrated approach requires the active contribution of all of the key stakeholders in 
a sustained manner, hence this alternate approach is complex and problematic. Barriers such as 
the variable levels of commitment from the stakeholders, including all levels of government and 
the community, impaired the effective management of catchments. More broadly the situation is 
further complicated by institutional arrangements that vary both within and between the various 
States and the often limited information available for decision making.  For catchment 
management to be most effective a more concerted and coordinated approach is required and 
which is supported by an institutional framework. Analysis of the various models of catchment 
management suggests that the potential for truly integrated catchment management also requires 
genuine commitment and involvement by all stakeholders including Federal, State and Local 
Government and the community.  Stakeholder groups including the community supported by a 
government institutional body such as the Trust has been recommended as an effective 
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mechanism to coordinate effective catchment management activities (Healey, 1997; Reimold, 
1998; Wood et al., 1999; Stern, 2006).   
 
Institutions such as the Trust operate at a strategic level and provide the necessary supportive 
framework for the effective management of resources and decision making within catchments. 
The Trust’s activities revolved around catchment planning, facilitation/coordination and 
education/awareness which underpin effective approaches to manage resources within 
catchments. 
 
In the past the catchment management committees functioned to bring the community and 
government together. The effectiveness of these committees in the Narellan Creek catchment was 
strengthened by the Trust.   Committees such the UNCMC helped to change the attitudes as to 
who was responsible for managing catchments and how. Integrated approaches to catchment 
management rely on the active and sustained efforts of various stakeholders to physically 
implement on the ground action. Studies indicate this to be an important factor as some of the 
major barriers to implementing an integrated catchment management is awareness, commitment 
and concerted action by stakeholders at the ground level. (Reimold, 1998; Allen and Kilvington, 
1999; Walesh, 1999) 
 
In comparison to earlier models an integrated approach to catchment management focuses on the 
complex and dynamic nature of catchments and the complex interrelationship between land, 
water, flora and fauna as fundamental components of natural ecosystems.  An integrated 
catchment approach requires people to think more broadly upon the impacts if their actions in 
around their homes and places of work upon the catchment.   
 
The literature reveals that the success of any approach to catchment approach is dependent on 
many factors as described within this chapter.  As supported by the Stern Review (2006) people 
are a critical part of the equation and the concept of stakeholders including communities working 
together is critical to the success or otherwise of  any approach to catchment management. It is 
the communities and other key stakeholders who bring about on ground change and thus are 
integral to effective catchment management. 
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The strength of institutions such as the Trust and their committees was their ability to connect 
stakeholders and to bring communities and the government together, thus enabling a community 
to influence natural resource management decisions and the allocation of resources to target 
catchment needs and community priorities. 
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Chapter 3: Historical Overview and Context of the Study: The Hawkesbury Nepean 
Catchment and Narellan Creek sub-catchment 
 
This chapter sets out the broad context within which this inquiry is set, and begins with a brief 
account of the environmental history of the Hawkesbury Nepean Catchment.  This chapter 
includes an overview of the range and intensity of impacts that have occurred since European 
settlement and which have continued largely unabated to the present. 
 
A profile of the Narellan Creek catchment, the focus of the study, is provided together with a 
detailed account of previous environmental studies and monitoring within the catchment, thus 
establishing baseline data and information on the Narellan Creek catchment. Critical 
environmental issues and the management strategies employed by key stakeholders are described. 
 
3.1 Historical Overview 
The first European settlers of Australia applied a traditional capitalist economic model in their 
assessment and use of resources.  Under an ideology of utilitarianism and the scientific principles 
they viewed the land and other valuable resources in terms of its utility and capability to generate 
a profit (Rosen, 1998).  These principles governed the allocation of land to settlers which was 
conditional on improvement for agricultural and pastoral use. 
 
The new European settlers, unlike indigenous Aboriginal people, generally had a short term focus 
and viewed all resources in terms of financial viability.  With this outlook and minimal 
knowledge of the land and resources significant degradation ensued impacting upon natural 
ecosystems. The Hawkesbury River was of particular interest to the British maritime 
administrators, who were investigating the navigability of waterways and the establishment of 
ports to support the development of industry and agriculture.  By 1794 the clearing of land for the 
establishment of productive farms was well underway.  The protection of commercial interest and 
strategic use of resources was uppermost in the minds of the government and settlers.  
Unrestrained land clearing and the application of European farm practices had a significant 
impact upon the waterways and fragile shallow soils characteristic of the Sydney basin.  Land 
was in fact being quickly ‘worn out’ and the Hawkesbury River, which provided food and water 
and was an essential means of communication, was unprotected. The expansion of settlements 
together with an increase in mining and quarrying to support industry and commerce placed 
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increasing levels of stress and pressures on the Hawkesbury region.  This resulted in considerable 
levels of deforestation within the region resulting in land degradation, erosion and the siltation of 
affected waterways (Rosen, 1998) 
 
Introduced flora and fauna species unbalanced natural ecosystems and caused more extensive 
environmental damage.  Competing foreign species of flora, classified as noxious weeds, 
impacted greatly on existing species, this dramatically changing the profile of wooded areas and 
natural grasslands.  Settlement and change in land use patterns also caused the displacement of 
the Aboriginal people who once occupied and who had successfully managed the land for 
approximately 40,000 years (Rosen, 1998). 
Map 1: The Hawkesbury Nepean River Catchment 
 
 
 
  
(Source: Hawkesbury Nepean Catchment Authority, 2002)
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3.2 The Context of the Study: the Hawkesbury Nepean Catchment and Narellan Creek 
Sub-catchment 
 
 The Hawkesbury-Nepean River circumvents Sydney and Illawarra coastal catchments and drains 
into Broken Bay.  There are 21 local government areas that lie within the catchment.  The 
Hawkesbury-Nepean River catchment is a major economic and recreational resource for the 
community providing 97% of Sydney’s water supply from five major dams for drinking water as 
well as for industry, irrigation and livestock, sand and soil for landscaping and construction 
industries and popular picnic, fishing and boating area.  The catchment has also been recognized 
as a resource of great environmental, heritage and scenic value, with large areas of unspoiled 
bushland, Aboriginal sites and buildings from Australia’s earliest European settlements (AWT, 
1996). 
 
The damming of the Warragamba and Nepean Rivers for Sydney’s water supply divides the 
Hawkesbury-Nepean River system into upper and lower catchments.  The region has a rich 
indigenous heritage and the lower catchment used to support 10,000 Aboriginal people prior to 
European settlement and currently supports a population of approximately 700,000, 25% of 
whom have migrated from over 100 countries.  This area is therefore, one of Australia’s most 
culturally diverse (NSW Department of Land and Water Conservation, 2003).  The urban-rural 
junction is the location of significant industrial and commercial growth.  The Hawkesbury-
Nepean River system provides over 80% of the sand and gravel used by the building industry in 
Sydney’s Greater Metropolitan area (DLWC, 2003). 
 
The tourism industry has been on a steady increase over the past few decades and the region 
attracts a few million visitors each year. The diverse range of recreational opportunities, such as 
local historical attractions, picnic grounds, fishing, boating, camping, caving and bushwalking 
supports the growth in the tourism industry. 
 
 
 
 
 
Map 2: Upper Narellan Creek Catchment and Locality 
(Source: The Hawkesbury-Nepean Catchment Management Trust, 1996) 
 
The Hawkesbury-Nepean catchment is under increasing pressure from urban development and is 
expected to house much of Sydney’s growing population.  One of the fastest growing regions is 
the Camden Council area.  In particular, the Narellan Creek catchment, which was extensively 
cleared in the 19th century, is now undergoing a further shift in land-use patterns from 
predominantly agricultural land use to urban development.  The continued increase in population 
and associated pressures emphasize the need to pursue sustainable management practices within 
the catchment. 
 
Narellan Creek, located within the Camden-Macarthur region and under control of the Camden 
Council, is a major tributary of the Hawkesbury-Nepean River, one of the city’s most important 
rivers.  The developing rural catchment of upper Narellan Creek is now predominantly zoned for 
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urban and industrial uses.  It is anticipated that 1,670ha of the total catchment area of 2,365ha 
will ultimately be developed.  Significant changes to land-use patterns have impacts on stream 
hydrology, water quality and ecology.  Narellan Creek has already been extensively modified 
with concrete channelized sections, wet and dry detention basins and pollution control structures.  
As the creek is a significant tributary of the Nepean River, any adverse changes in water quality 
could have far-reaching consequences.  The management of water quality is therefore vital in 
allowing future human activity to expand without experiencing further adverse environmental 
impacts. 
 
This 2,365 hectare area, now in a period of rapid development, existed in a near pristine state 
until fifty years ago.  Early clearing of most of the bushland was conducted to enable agricultural 
land use.  Since the mid-1900’s residential, commercial and industrial land use has accelerated at 
a rapid rate.  Accompanying this rapid development were changes in the aquatic environment 
caused both by physical and chemical alterations of the rivers, creeks and lakes within the 
catchment.  Over one million people reside within the boundaries of the catchment, within the 
suburbs of Narellan, Narellan Vale, Mount Annan, Elderslie, Currans Hill, Harrington Park, 
Smeaton grange and Currans Hill. 
 
In the past when land was used predominantly for agriculture, animal manure and fertilizer and to 
a lesser extent septic systems were the principal contributors to pollution within the catchment. 
Improved land use management practices in rural areas and increased urbanization has led to 
different sources of major pollutants.   
 
A major effort is needed to educate industries, rural and urban public about the environmental 
effects of various activities within the catchment and the options for preventing further 
deterioration of ground and stream water.  This effort should involve the coordination and 
harmonization of municipal, state and federal policies so that aquatic resources do not devalue 
relative to the value of agricultural and urban development.   
 
Residential, commercial and industrial development within catchments have impacted/modified 
the hydrology, water quality and stream habitats to such a degree that the aquatic ecosystems of 
these waterways have been drastically affected (Desbordes and Hemain, 1990; Field and Pitt, 
1990; Horner, Booth, Azous and May, 1997).  While past development used a strategy of 
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conveying urban runoff into the stormwater systems and channelized stream water courses to 
prevent flooding and property damage, recent development has attempted to leave streams and 
their riparian habitat intact.  Unfortunately urbanization impacts upon the biodiversity of both 
flora and fauna. 
 
Urbanization of a catchment results in many changes that can affect the sustainability of an 
aquatic ecosystem.  Results of urbanization include the development of many impervious 
surfaces such as paved roadways, large car parks and roofs on buildings.  Such development 
alters the hydrography and prevents the adsorption of pollutants onto soils that are generated in 
these intensely used environments (Schueler, 1994). 
 
Urbanization causes hydrographic alteration such that higher peak flows occur earlier in any 
rainfall event (Hollis, 1975).  To transport this flow and to prevent flooding urban streams/creeks 
have been channelized (e.g. the Narellan Creek at Smeaton Grange) and culverted; thus 
destroying the habitat complexity essential for many species of flora and fauna.  Without natural 
pools and off-channel habitat many aquatic organisms are unable to survive in these waterways.  
Also fewer permeable surfaces results in the reduction of groundwater infiltration.  The result is 
lower base flow in streams, which can exacerbate the drying of streams during the hot summer 
months.  Changes in groundwater flow can also affect stream water temperature. 
 
Other stressors in the urban catchment include: riparian habitat loss; water quality degradation as 
a result of vehicular emissions, gardening, greenkeeping and horticultural activities; pathways of 
contamination such as surface runoff discharge from stormwater drains and illegal connections to 
stormwater drains. 
 
One of the development sites contains the largest water quality control lake system (8 hectares). 
This lake was designed as part of an integrated lake system comprising of three man made lakes 
along the existing water course of the Narellan Creek. The purpose of the system is multi 
functional to address the changes of water quality brought about land clearing and development 
and ultimately to serve as a recreational facility to residents.  
 
Although Narellan Creek is not classified under the Clean Waters Act 1970 (CWA), it empties 
into the Nepean River at Camden which is classified Class C (Controlled Waters).  In this section 
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of the Nepean River, sewage waste and thermal waste discharges are allowed in accordance with 
approved conditions.  This system of water classification is under review (AWT, 1996). 
 
In order to overcome the limitations of the current legislation which emphasizes control of 
pollution from point sources, the Environment Protection Authority (EPA) of NSW is currently 
focused on developing a more comprehensive approach to water quality management as part of 
the National Water Quality Management Strategy.  Objectives for water quality and flow for the 
Hawkesbury-Nepean River are being established by the Department of Land and Water 
Conservation and the NSW EPA and will closely follow national guidelines adopted by the 
Commonwealth-sponsored Australian and New Zealand Environment Conservation Council 
(ANZECC, 1992).  The ANZECC (1992) guidelines form part of the National Water Quality 
Management Strategy.  Therefore the water quality recommendations that apply to Narellan 
Creek (a tributary of the Hawkesbury-Nepean River) fall under the ANZECC (1992) guidelines 
for the protection of Aquatic ecosystems.  However, due to the recreational opportunities that 
also exist, the ANZECC (1992) recreational water quality recommended guidelines also are 
recognized. 
 
The UNCMC implemented a Narellan Creek Urban Impact Study to provide a holistic 
participatory approach to catchment assessment and planning, with widespread involvement of 
the community and other stakeholders.  The UNCMC was a catchment-based committee 
established under the Hawkesbury-Nepean Catchment Management Trust (HNCMT or the 
Trust).  The Trust was formed to help integrate the management of natural and cultural resources 
of the catchment.  These resources include the land, water, flora, fauna, air, scenic landscapes and 
heritage.  The Catchment Management Committees were established in 1996 to bring the work of 
the Trust closer to the community and to ensure that it met the objectives of the specific 
communities. The key issues were identified as: managing water quality and quantity; assessment 
of aquatic and terrestrial biodiversity (conservation and rehabilitation); identifying social and 
economic needs of all stakeholders and facilitating community involvement in maintaining 
catchment health. 
 
The UNCMC reached agreement with Camden Council, State Government agencies, the local 
community and other various stakeholders to develop a Narellan Creek Urban Impact Study.  The 
study involved a series of modules, such as a water quality and flow monitoring study and an 
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education and awareness program.  This approach sought to integrate the efforts of all people and 
agencies involved in managing the Catchment’s natural resources.  Only by an integrated 
approach can a framework for best practice be developed that incorporates technical, social and 
economic facets of successful catchment management. 
 
The catchment has been undergoing heavy development over the past few decades (NSW EPA, 
1996), thus providing an excellent case study into the effects of human development on a natural 
lotic system.  Various bodies have conducted a number of studies within the catchment over the 
last ten years (e.g. SMEC, 1996).  Integrating the outcomes of these studies will provide a more 
comprehensive view of changes in hydrology, water quality and the relationship to catchment 
management practices.   An Urban Impact Study was commissioned by local government 
organizations, through the UNCMC.  This resulted in a 5-year local community education and 
awareness program coupled with water quality studies.  Much of this work was funded through 
the Federal Government’s Natural Heritage Trust (NHT) program.  In early 1996 major 
stakeholders including community developers, Stormwater Industry Association, Clean Up 
Australia, local government, Department of Land and Water Conservation, Environmental 
Protection Agency, The University of Western Sydney, Urban Developers Institute of Australia 
and the Housing industry Association joined with the Upper Nepean Catchment Management 
Committee and the Hawkesbury-Nepean Trust in forming an integrated series of working parties 
to achieve both technical and educational objectives relating to best practice in stormwater 
management in the Narellan creek catchment. The working parties provided a facilitation 
mechanism to accelerate and integrate stormwater design and management within the catchment.  
An Urban Impact Study consisting of two key programmes, the Education Programme and the 
Integrated Stormwater Programme, were proposed and developed by the working parties with a 
view to establish new models of best practice in catchment management, as indicated in Figure 2 
‘A Best Practice Model of Catchment Management’, from ANZECC Working Group on National 
Parks and Protected Area Management – Benchmarking and Best Practice Program, 1997, 
 (page 33).   
  
Photo 1: Dry creek bed in Narellan Creek at Harrington Park 
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Photo 3: Section of Narellan Creek illustrating impact of vegetation 
 
The above photographs were taken in selected areas in order to illustrate the state of the Creek 
during a low flow period (2001).  The impact of the drought and changes in land use patterns, 
including urban and commercial development, concrete channelization (for example at Smeaton 
Grange industrial area), have had considerable impact upon the water flows and the course of 
creek and its banks throughout the catchment. 
 
3.3 Environmental Degradation within the Hawkesbury Region 
The 19th century marked a period of continual increase in agricultural activities, the establishment 
of more settlements and in particular the development of infrastructure, required for the 
developmental processes.  Road building and railways construction to connect and support 
settlements had a major impact upon the waterways. The construction increased sediment loads 
and the turbidity of the Hawkesbury- Nepean by excessive runoff resulting from land clearing.  
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The natural aquatic habitats were also under threat by the introduction of foreign exotic species 
and hard hoofed animals negatively impacting levels of biological diversity. The development 
and improvement to the land has far reaching consequences.  Natural resources are impacted by 
additional land clearing, quarrying, mining, more roads and buildings and associated support 
services necessary for the development process.  Development tends to happen rapidly and 
abruptly and to an extent that ecosystems are unable to adapt to the changes.  
 
In particular waterways had to cope to increased sediment loads and runoff as a result of land 
clearing and changes to surfaces.  Natural watercourses were irreversibly changed because of the 
damming effect of tress and rubbish, and the undermining of river banks leading to their collapse, 
a result of sand mining (Erskine, 1998). 
 
In the mid 19th century the construction of railways was a major infrastructural development 
leading to massive increase in siltation of the Hawkesbury-Nepean (Rosen, 1998).  This was a 
period of growth and relative prosperity and was marked a large influx of people settling in the 
area.  Growth and development continues and the results of this legacy have had a significant 
bearing health of local waterways.   
 
It was not until the mid 20th century did governments responds by legislative change to regulate 
and control growth indicating a shift in political ideology towards environmental awareness and 
concern.  Policy change however was and still is often overridden by the power and influence of 
planning authorities who are primarily concerned with ensuring the economic and political 
dominance of a region.  Economic growth and development continue although some remedial 
measures have been introduced to address some of the environmental problems, however much 
of the action temporary and short term nature. In order to achieve long term and sustainable 
change to yield positive environmental outcomes would require society to put pressure on 
governments to shift focus onto to sound environmental policies and resources management 
practices as a first priority.  Displacement of economic growth and development political interest 
is and remains contentious.  Society desires and demands stability and economic growth, 
however there has been a shift in public interest and awareness of environmental issues, 
reflecting a global trend.  Should environmental sustainability remain as an ideal and an interest 
rather than a long term commitment the environmental degradation of the catchment will 
continue. 
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Sydney continues to expand to the west, southwest and northwest and has had a major impact 
upon the natural ecosystems of the Hawkesbury-Nepean catchment.  Activities within and 
external to the catchment limit the capacity to recolonise the catchment with representatives of 
species under pressure.  Much of the historical and current environmental problems within the 
catchment can be solved.  However key to positive change within the catchment rests upon social 
capital building and a responsive community who are willing to act and invest time to correct the 
problems (Rosen, 1998; Finnegan and Sexton, 1999; Kraft, 1999). 
 
Much of the environmental degradation within the catchment has been attributed to factors 
associated with the rapid urbanization and commercial development.  In the last few decades 
substantial growth in residential housing in the form of various estates has changed the profile of 
the catchment. Substantial developments within the catchment include Narellan Vale, Mount 
Annan, Elderslie, Currans Hill and Harrington Park, and commercial development the most 
significant of which is located at Smeaton Grange.  The population living within the Hawkesbury 
Nepean catchment increased to over 800, 000 people.  Along with increased urbanization and    
commercial development is the requirement of supporting infrastructure, all of which results in 
increased pressure upon the natural resources of the catchment.  Policies need to be developed 
that control erosion, surface runoff from residential developments, riverbank erosion caused by 
sand mining and land clearing, use and disposal of chemicals and fertilizers water usage etc. 
 
 
 
3.4  Environmental Impacts upon the Hawkesbury-Nepean River: Contributing Factors 
to the Degradation of Narellan Creek 
 
3.4.1  Extractive Industries 
Various extractive industries have been operating extensively since the mid-twentieth century 
when demands for low construction materials such as gravel, sand and soil increased.  The 
Hawkesbury-Nepean River with its rich floodplains, many tributaries, estuaries and lakes and 
being close to markets has been a long term source of construction materials.   
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There have been relatively few studies on the short and long term effects of extraction on the 
Hawkesbury-Nepean River.  Studies are required to improve understand and to fill knowledge 
gaps on the environmental impacts of extractive industries on the river system. 
 
The total catchment area of the Hawkesbury-Nepean River is 21,7420 square km, of which over 
9000 km is drained by the Warragamba River.  The Hawkesbury-Nepean River can be 
subdivided into ten homogenous channel reaches, as shown below: 
 
Table 1: Channel Reaches of the Hawkesbury-Nepean River 
Reach Description  Length (km) 
1 The headwaters reach 8 
2 The upper floodplain reach 3 
3 The upper sandstone gorge 83 
4 The Camden alluvial reach  33 
5 The Bents Basin gorge  4.3 
6 The Wallacia alluvial reach  10.1 
7 The Fairlight Gorge  26 
8 The Penrith alluvial reach 25 
9 The Windsor estuarine reach  26 
10 The Hawkesbury estuarine 
reach, 
120 
 
(Source: Erskine, 1998) 
   
The upper Nepean River is defined as upstream of Wallacia and includes reaches 1 to 6.  The 
lower Nepean-Hawkesbury River covers the entire river downstream of Wallacia to Broken Bay 
and includes reaches 7 to 10. 
 
3.4.2  Mining 
The State Government has continued its support of mining in the catchment by approving 
extraction of coal by Illawarra Coal and BHP Billiton using longwall mining techniques.  The 
Labor Government too has approved mining plans on all major rivers in the Macarthur region, 
including the Nepean, the Upper cataract and Georges Rivers.   The volume of coal wash 
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generated by mining is of major concern to local residents and environmental groups, such as the 
National Parks Association (Fenech, Campbelltown Macarthur Advertiser, February 20, 2007).  
The coal was has significant impacts upon plants and animals including rare and endangered 
species, aquatic life and Aboriginal sites.  BHP Billiton acknowledges that damages to rivers has 
long term consequences and in some situations may result in permanent damage.  Reversing 
environmental damage is both costly and necessitates long term measures to address adverse 
impacts on the river, natural ecosystems, and biological diversity. 
 
State Mineral Resources Minister, Ian Macdonald  reports of the  State Government response to 
environmental damage caused by mining, that is by passing a Bill aimed to make the Mining Act 
“consistent with contemporary environmental standards and community expectations” (Matthew 
Ward, ‘Return to Rivers, Macarthur Chronicle, April 15 2008).  In a statement made by NSW 
Primary Industry Department spokesperson, Mark Hebblewhite mandatory components of the 
Bill include significant measures to protect the environment including the introduction of 
Rehabilitation and Environmental Management Plans.  (Matthew Ward, ‘Return to Rivers, 
Macarthur Chronicle, April 15 2008).  A local environmental group, Rivers SOS, remains 
skeptical of the State Government’s attempts to address the significant damage caused to NSW 
waterways as a result of mining and are critical of the Bill, suggesting that it does little towards 
achieving towards achieving sustainable mining (Maurice Blackwood, Rivers SOS member).  
The group has released a DVD titled ‘Rivers of Shame’ to raise community awareness on the 
environmental damage caused by mining.  
 
3.4.3 Drought 
The Minister of Climate Change, Phil Koperberg recently reported (2007) unpredictable weather 
patterns as a result of global climate change together with  historic low rainfall has resulted  in 
extremely low capacities in the 15 dams which supply water to Sydney, the Blue Mountains and 
the Illawarra.  In February 2007, the system was reported at an historic low of 33.9 percent, 
(spokesperson for the Sydney Catchment Authority, February 2008) 
 
3.4.4 Biological Impacts 
Changes in natural flows caused by dams, weirs and constructed pond/lake systems have the 
following impacts (Erskine, 1998): 
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1. Creation of still-water habitats in deepened weir pools which are unsuitable for 
macrophytic species. These deepened pools trap large debris (woody material) which 
cannot be exploited by invertebrate and vertebrate species.  Increased volumes also 
increases residence time and reduced flow velocities, which together with reduced 
macrophytic density results in less plant uptake of nutrients. Especially phosphorous and 
nitrogen.  The still conditions do however encourage proliferation of unfavourable species 
such as cyanobacteria (blue green algal species) and surface plants such as duckweed, both 
of which have been responsible for extensive deterioration of the Nepean-Hawkesbury 
River system. The extensive proliferation of these species and their negative impact on the 
natural ecosystem has been exacerbated by drought.  
 
2. Deepening of the river caused by extraction, and deepened weir pools result in thermal 
stratification.  Thermal stratification results in the development of anoxic or deoxygenated 
conditions below upper warmer layers and well mixed layers.  The benthos (lower or 
bottom zone) thus becomes unsuitable for fish and many invertebrate species.  Fish species 
and other aquatic species (amphibious) are severely impacted by changes in water quality. 
 
Also plumes of muddy water generated in the deepened areas caused by draglines or dredges 
(used by extractive industries) may also act as barriers to aquatic species.  Weirs, act as physical 
barriers also impact upon water quality, and associated parameters of temperature, turbidity, 
conductivity and/or pH.  The parameters have been monitored in studies conducted by various 
agencies from the early 90s to early 2000.  However changes in government institutional 
structures, funding and the dissolution of the major governing body, the Trust in 2001, has had a 
significant impact on the catchment, resulting in little/no environmental monitoring and few 
studies being conducted since 2001. 
 
Bank extraction and floodplain plants, such as various macrophytic and reed/emergent  species, 
have a negative impact upon riparian corridors, causing habitat fragmentation, reduced organic 
matter input into channels, loss of shade, shelter etc.   Macrophytic species include for example, 
Vallisneria gigantea and reeds/emergents, such as Phragmites (State Pollution Control 
Commission, 1994). Attempts to rehabilitate these areas have been undertaken by community 
groups, Streamwatch, Landcare and others, to varying degrees of success.  However complete 
restoration to original conditions has been hampered by the extent o f environmental degradation, 
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the general lack of funding and restorative initiatives by the state/local government and 
community support from local groups etc. 
 
Further bed degradation as a consequence of extractive industries, drought, gross pollutants 
generally equates to a significant loss of shallows.  This in turn adversely impacts upon the 
growth of macrophytic and reed species which are important for the maintenance of freshwater 
habitats along with their dependent fauna. 
 
Government agencies including State Pollution Control Commission and the Department of 
Planning tend to focus efforts on narrow field within specific disciplines.  The Government 
responded by the formation of a centralized catchment management body.  The Hawkesbury 
Nepean Catchment Management Trust was formed in 1993 and charged with addressing the 
diverse range of environmental impacts and issues within the catchment.  The Trust recognized 
that too ensure extractive industries mining sand and gravel from the Hawkesbury-Nepean River 
system are properly managed, multi-disciplinary research on the environmental impact of 
industries was required. 
 
The Department of Planning is only one of several government agencies involved in the approval 
and management of industries operating within the catchment.  As a consequence conflicting 
management conditions and lack of coordinated activities is the result.  The Hawkesbury Nepean 
Catchment Trust was recognized as the coordinating body charged with formulating a 
comprehensive river management strategy, under a Total Catchment Management Plan.  The 
Plan included strategies to address extraction and other issues such as flow regulation, recreation, 
water quality, flood mitigation, etc.   
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The above photographs were taken in selected areas in order to illustrate the impact of non-point 
source pollution and observable biological impacts upon the ecosystem of Narellan Creek (2001).   
 
3.5  Physical profile of Narellan Creek 
3.5.1  Flow Regulation 
The Hawkesbury-Nepean River is highly regulated by a series of dams and weirs and this 
includes creeks and tributaries such as Narellan Creek. Several sections of Narellan Creek 
contain weirs, dams to control flows and gross-pollutant particularly within residential areas of 
the suburbs of Narellan, Narellan Vale, Mount Annan, Elderslie, Currans Hill, Harrington Park, 
and Currans Hill.  The Creek within the major industrial area of Smeaton Grange has been 
covered in concrete for several kilometers in order to direct flow.  
 
The catchment contains 22 large dams together with diversion weirs. Nine weirs exist at 
Menangle, Bergins, Thurns, Sharpes, Cobbity, Mt. Hunter, Brownlow Hill and Wallacia. In 
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addition to these there is a private high weir at Maldon, and a low weir (road crossing) at Douglas 
Park. The hydrological impact of the dams and weirs include reductions in: flood magnitudes; 
flow durations; and downstream sediment loads, thus reducing the replenishment rates of sand 
and gravel removed from the river system by extractive industries. Consequently sand and gravel 
are non-sustainable resources, as extraction rates exceed replenishment rates. 
 
3.6 Government Interventionist Strategies 
In 1968 the then Water Conservation  and Irrigation Commission (now the Department of Land 
and Water Conservation) made a submission to the Interdepartmental Committee of Inquiry in 
the Nepean-Hawkesbury Flood Problems (Water Conservation  and Irrigation Commission, 
1968) identified the Upper Nepean River in reach 4, the Camden alluvial reach, as being ‘badly 
choked with vegetation and flood debris’.  This status has not improved significantly since this 
study, which has resulted in a reduction in channel capacity and an increase in the severity of 
flooding in Upper Nepean River, including Narellan Creek.  The extensive residential and 
industrial developments within the Narellan Creek catchment, together with flow regulatory 
mechanisms has had a major impact upon Narellan Creek, with various sections of the Creek 
completely choked by vegetation and debris, such that flows have been severely impaired. Back 
in the 70s the State Government responded by formulating a policy for controlling dredging and 
stream clearing of the Nepean River between Menangle and Wallacia. The aim was for the upper 
Nepean River to be cleared over a substantial length, which in turn could have impacted upon the 
flow and quality of Narellan Creek. 
 
The Water Conservation and Irrigation Commission and its successor The Water Resources 
Commission, actively encouraged large scale sand and soil extraction during the 70s.The 
environmental impacts if extraction was investigated by universities and the extractors.  Various 
studies (Brice, 1977; Green, 1987; Warner, 1983 and Riley, 1987) during the 70s and 80s noted 
significant geomorphic impacts as a result of large scale extraction measure to include, 
deterioration of water quality, biological productivity, loss of channel capacity, increased 
resistance to flows, loss of weir storage volumes, greater flooding, bank erosion, increased 
turbidity levels.  
 
Further studies in the mid to late 90s noted a continued trend in overall degradation of the Upper 
Nepean River and associated tributaries (Erskine, 1998). 
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3.6.1 Local Government 
Camden Council has responded to impacts on the river system, including local creeks by 
supporting environmentalists, such as ‘Rivers SOS’ a local group  whose aim is to improve the 
overall health of the Nepean River.  A spokesperson for the NSW Environment and Climate 
Change Department stated that “clean waterways and a healthy riparian corridors were crucial” if 
native species, such as “platypuses were to return to the Camden” area (Matthew Ward, 
Macarthur Chronicle, April 8 2008). The platypus an indigenous species to the sub-catchment 
and its presence is indicative of the health of rivers. The presence of amphibian species, such as 
frogs are also particularly sensitive to environmental pollutants, mainly because they ‘breathe’ 
through their skin, hence population numbers of amphibious species are adversely affected as 
pollutant levels increase and dissolved oxygen levels decrease in waterways. 
 
In many of the residential estates in various suburbs within the catchment, developers have made 
systems of lakes and ponds. These man made systems are fed by local creeks and tributaries, and 
provide a means of directing flows and have also been planned for aesthetic reasons.  For 
example the lake system in the Harrington Park estate, and also the system of ponds in the 
Cascades, Mount Annan.  Both systems have been fraught with problems, including salinity, 
flooding and high levels of turbidity in the lake system in Harrington Park and extensive weed 
growth resulting in the complete degeneration of the pond system in the Cascades in an article 
‘Lakes of Lament’ by Matthew Ward, Macarthur Chronicle April 22 2008). 
 
 
3.7  Summary of Studies in Narellan Creek Catchment 
An integral component of the Narellan Creek Urban Impact Study (implemented Upper Nepean 
Catchment Management Committee) was the collation and interpretation of existing water quality 
and flow data in Narellan Creek, together with the analysis of any additional studies conducted 
within the Narellan Creek Catchment. 
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3.7.1 A Summary of Studies in the Narellan Creek Catchment by Sydney Water 
 
Sampling programmes undertaken in Narellan Creek near the confluence of Narellan Creek in the 
Nepean River are outlined and specific studies have been referred to by location for ease of 
identification. An extensive review and analyses of previous studies was conducted, the results of 
which appear in Appendix B.  A summary account of these studies follows. 
 
3.7.2 Summary of Narellan Creek Water Quality Information 
 
Existing information on Narellan Creek was compiled and analyzed for its quality.  Results of the 
analysis and key findings are presented in this section. 
 
3.7.3 Review of Existing Data Sets and Water Quality Information 
Data on water quality and flow has been collected by four main groups, Sydney Water, Camden 
Council, Ove Arup (local developer, Harrington Park Estate) and Streamwatch. 
 
Analysis of the data indicates that up until 1994 there was no significant impact on the Nepean 
River from the Narellan Creek for the variables measured, except faecal coliforms.  Water quality 
sampling at the site above the confluence of Narellan Creek and the Nepean River ceased in 
1994.  Of particular note is that much of the development, urban and commercial in the 
catchment has occurred subsequent to this date.  Thus further monitoring studies is necessary to 
determine whether development subsequent to 1994 has impacted upon the Nepean River. 
 
Water quality measurements for the variables examined in the various studies were generally 
below ANZECC guidelines for the maintenance of aquatic ecosystem health. 
 
The sporadic nature of the water quality data sets and high variability make it impossible to 
statistically determine differences between the sites, in particular whether there was any 
relationship between wet weather and flow.  The major factor here was the lack of replicate 
sampling, and possibly quality of sampling and consistency in laboratory analyses. 
 
Between 30 and 80 percent of the observation for several key variables exceeded the 
recommended guidelines.  Historical data was most extensive for the Kirkham Lane site and 
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trend data indicated some improvement in water quality over time, although this was not 
statistically tested. However this may have been influenced by changes in land use patterns with 
reduced agricultural activity, also the data was collected and analyzed using different methods. 
 
Water quality at Kirkham Lane had elevated levels of nutrients and this was reflected in the high 
levels of cholorophyll a. This parameter, however was not measured at other sites in the creek 
system 
 
The water quality in the upper reaches of Narellan Creek in general exceeded guidelines relative 
to  measured variables downstream and this may have been due to lower levels of creek flow. 
 
3.7.4 Spatial and Temporal Distribution of Data 
Although key water quality parameters were sampled for the period 1994 to 1996, the  validity of 
information is questionable.  This is due to the nature of sites selected for monitoring, which all 
appear to have been selected on the basis of ease of access, such as from roads.  Sampling within 
the creek system was conducted on a monthly basis and weekly for the Nepean River. 
 
3.7.5 Data Storage and Accessibility 
In general data sets are widely dispersed and held by the groups who have conducted monitoring 
within the catchments. This data was not available for general/public access. 
 
 
 
3.7.6 Data Gaps and Information Requirements 
As a result of discussions with staff from the Upper Nepean Catchment Management Committee 
and Camden Council during the course of this study, the information required on Narellan Creek 
has been summarized in the following general objectives: 
 
1. Assess the impact of increasing urbanization in the Narellan Creek catchment on the health of 
the creek; 
2. Determine the impact of inflows from Narellan Creek on the Nepean River; 
3. Assess the performance of pollution control measures in Narellan Creek. 
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Camden Council data indicated that water quality in Narellan Creek varied widely through time. 
Monthly sampling did not provide sufficient resolution to identify the source of variation 
(seasonal, weather dependant etc.) and limited the extent of statistical analysis. More 
frequent sampling throughout the Narellan Creek system would identify ongoing problems 
such as eutrophication, determine the source(s) of high levels of pollutants and monitor temporal 
changes in water quality that may be the result of urban development activities within the 
catchment. 
 
Biological sampling provided an integrated assessment of the creek's aquatic ecology, water 
quality and ecosystem health. Macroinvertebrates, fish and diatoms can provide a direct 
measure of the effects of pollution on the aquatic ecosystem, of which these organisms are an 
integral part. Such effects are often difficult to infer from physical and chemical data alone, 
even if the critical physical and chemical factors can be measured at the critical times. 
Urban development can impact many trophic levels in aquatic ecosystems, each via a 
different pathway. The impacts can include habitat destruction (e.g. clearing riparian 
vegetation or channel modification), introduction of exotic species, increased sediment 
loads, increased stream discharge, sewage effluent disposal and urban stormwater. 
 
Sampling undertaken by Sydney Water on the performance of Lake Annan provided essential 
data for the assessment of a pollution control pond in the catchment. However this data was 
insufficient to assist in the management of pollution control ponds or for the determination of 
their effectiveness as urbanization consolidates. 
 
For these reasons the current sampling programs and associated existing data failed to meet the 
three objectives listed above. 
 
In relation to first objective, ongoing monitoring at an increased frequency for dry and wet 
weather conditions and biological sampling is required. 
 
Objective 2 cannot be met because sampling at one site in the Nepean River ceased after 1994. 
 
For objective 3, there has been no appropriate monitoring except for the now discontinued Lake 
Annan work. 
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3.8 The Hawkesbury Nepean Catchment Management Trust 
In line with the trend towards concern for the environment and the sustainable management of 
natural resources for the benefit of future generations, concern for the Hawkesbury-Nepean River 
system also grew.  In the mid-1979s the community became more concerned and responsive to 
the complex and seriousness of the problems affecting the state of the River.  Scientists, 
community groups and various agencies have openly expressed concern which has resulted in 
widespread public interest and has prompted various studies on the catchment.  During the period 
1976 to 1990 federal and state Government’s attention increased with many studies conducted by 
Government agencies such as Public Works, Water Resources, the Water Board, the State 
Pollution Control Commission and its successor the environmental Protection Authority and the 
Soil Conservation Service. The Department of Planning also produced several reports on the 
Hawkesbury-Nepean system, including the important Sydney Regional Environmental Plan 
gazetted in 1997 (Department of Urban Affairs and Planning, 1997). 
Kevin Rozzoli, the former Member for Hawkesbury in the New South Wales Parliament 
championed the proposal for a Hawkesbury River Authority, from which emerged the 
Hawkesbury-Nepean Catchment Trust.  Mr Rozzoli also prepared a bill, thus providing a 
legislative basis for the management of the catchment and welfare of the River system (Rozzoli 
1998).  The Hawkesbury Nepean Catchment Trust was established in 1993 with bipartisan 
political support, and was abolished by the former State government in April 2001.  
The structure Hawkesbury Nepean Catchment Management Trust included a Consultative 
Council which was comprised of people from within the catchment sourced from: residential 
groups, industry and commerce, agriculture, local environmental groups, local government, State 
Government agencies, and academics.  The Role of the Trust was to manage the present and 
future welfare of the Hawkesbury-Nepean River, its catchment and the people within the 
catchment.  The Trust was faced with a set of complex localized problems which were impacting 
significantly upon the health of the Hawkesbury-Nepean River system.    
 
The key issues in the Hawkesbury Nepean catchment relate to: managing water quality 
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and quantity; aquatic and terrestrial biodiversity and their adequate conservation and 
rehabilitation; the way the land is used to meet social and economic needs while protecting the 
environment upon which all life depends; sustainability of development; public and private 
investment; and community participation in catchment health. 
 
The specific major issues that needed to be managed included: 
 
1. Bushfires; soil degradation; bank erosion; air pollution; extractive industries: preservation of 
the natural environment, by the protection of remnant vegetation and reforestation of lands within 
the region with indigenous species, including river backs, tributaries and existing water courses; 
 
2. Preservation of Aboriginal and European settlement heritage: protection of significant sites of 
Aboriginal and European settlement; 
 
3. Impact of floods and drought: achieving an appropriate degree of flood control consistent with 
the biological and environmental requirements necessary for a healthy river system; 
 
4. Recreational demand: optimizing the recreational potential of the River for a range of user 
groups consistent with environmental and biologically sustainability; 
 
5. Extensive changes in land use patterns.  Conflicting land uses and the river economy affected 
by rapid growth in residential and commercial development: to ensure the economic and social 
welfare of the people living within the catchment consistent with an ecologically sustainable 
future; 
 
6. Deteriorating water quality: to achieve the highest possible level of water and biota quality for 
the River and its tributaries. 
 
The main functions of the Trust included (Hawkesbury Nepean Catchment Management Trust, 
http://www.hncf.org.au/cma.html, accessed 10th August 2007): 
? strategic planning (development and implementation) in consultation with government 
agencies, local government councils, the community (including Aboriginal communities), and 
other key stakeholders; 
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? the provision of  information on natural resource and environmental management within the 
catchment; 
?  coordination of monitoring and evaluation of the state of natural resource and environmental 
management within the catchment; 
? Preparation of a report every 4 years (the "state of the environment report") on the state of 
natural resources and the environmental and catchment management conditions within the 
catchment; 
?  the assessment and evaluation (by government agencies, local government, councils, 
members of the community  (including Aboriginal communities, and other stakeholders) of 
catchment conditions; 
? the formation of recommendation  that were consistent with its total catchment management 
purposes to all key stakeholders; 
? the promotion of activities (working with stakeholder groups) that were designed to 
contribute to the objectives of total catchment management; 
? facilitation of co-operative natural resource outcomes within the catchment in accordance 
with a strategic plan; 
? the promotion of investment in natural resource and environmental management in 
accordance with a strategic plan to identified stakeholders; 
? the maintenance of communication channels and effective liaison with stakeholders; 
? reporting to the responsible Minister each year on the role of the Trust in improving the 
       responsibility of stakeholders in meeting the objectives of total catchment management. 
           
Rozzoli (1998) stated that the structure and charter of the Trust was unique and its holistic 
approach to catchment management had not been applied elsewhere.  The uniqueness of the 
approach was based on the fundamental guiding principles of the Trust, that of community 
participation, transparency and integrity in all of its activities.  The role of the Trust was 
perceived by then Government to address problems perceived by the community, to determine 
solutions for specific needs identified amongst stakeholders, to review and evaluate the outcomes 
of its activities and to share the responsibility of catchment management openly with the 
community in equal partnership.  This participatory approach to catchment management was 
perceived to provide a mechanism for managing the Hawkesbury-Nepean river system, and as a 
case study provided a model that could then be applied to the management of any environment. 
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 The Trust began operating in October 1993, and a change in government in 1995 resulted in a 
decision to review the Trust’s performance (Rozzoli, 1998).  The general perception by the 
former Minister and others was that the review was premature, as insufficient time had lapsed 
since the Trust’s formation and that it was not then fully functional. The final assessment of the 
Trust was marred by the timing of the review, and that many of the Trust’s goals and objectives 
had not been achieved.   
 Rozzoli (1998) stated that in the four years of its existence the Trust had established strong 
credentials amongst the community and other stakeholders, and was recognized as a relevant and 
meaningful agent and manager of change within the catchment.  Given the restrictions of its 
charter the Trust was a very successful body. It was disbanded to provide, in the words of the 
former Minister “more efficient provision of on-ground services”.  This was despite the fact that 
the Trust’s regulation specifically forbade its involvement in on-ground works.  
“There is a perception in bureaucratic circles that the Trust is largely a community 
organization….To some extent this perception has been formed by the restrictions placed 
on the Trust which has confined it to an advocacy, monitoring, role.  The Trust has had to 
work through networking, persuasion, education and facilitation. For all this it is not 
simply a community organization although its community links are very strong…..the 
Trust is strong, credible and a lead organization in catchment management.  Considerable 
resolve is necessary if future generations are to enjoy the benefits of a ‘healthy, diverse 
and productive river system and catchment’ (Rozzoli, 1998). 
The Trust was initially “replaced” by its own Local Government Advisory Group. This has 
proved to be less than successful because, although the input and cooperation of Local 
Government is essential to successful Catchment Management, the role and charter of Local 
Government does not lend itself to the breadth of vision and lack of partisanship required for 
whole-of-catchment management. This is evidenced by the poor attendance record of many of the 
Group members at their regular meetings.  
The Hawkesbury Nepean Catchment Management Foundation 
(http://www.hncf.org.au/cma.html, accessed 10th August 2007) holds that any catchment 
management body for the Hawkesbury Nepean River system should be founded on the following 
principles: 
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• Community base;  
• Supported by, and reporting to, the whole of government;  
• Working within a clear statutory framework, preferably with bipartisan support; 
• Whole of catchment focus;  
• Adequately and independently resourced; 
• Full access to all necessary data;  
• Adequate expertise; 
• Functional links to the regional planning process; 
• Ability to accommodate and integrate all key government initiatives and programmes; 
• Ability to provide effective, targeted and equitable direction for catchment investment; 
• Committed to long term goals; 
• Committed to ecological sustainable development.  
Subsequent to its abolition the Trust was initially “replaced” by its own Local Government 
Advisory Group. This has proved to be less than successful because, although the input and 
cooperation of Local Government is essential to successful Catchment Management, the role and 
charter of Local Government does not lend itself to the breadth of vision and lack of partisanship 
required for whole-of-catchment management (The Hawkesbury Nepean Catchment 
Management Foundation, 2004). However its catchment management role is emasculated by the 
removal of key management functions to within government agencies thus creating little more 
than a ‘rubber stamp’.  
During the period of the Trust’s existence considerable effort was made to coordinate catchment 
investment.  The principle source of funding was from the National Heritage Trust (NHT) 
funding scheme. However, the Trust had no powers to direct this investment which constrained 
its capacity to administer funds in an appropriate manner.  With the demise of the Trust the NHT  
funding effectively became controlled by the former DLWC. There were always various 
committees which theoretically were running the programme but these were all under the direct 
control of the Department so that much of the funding was note directed appropriately.  
Recently there has been an increasing use by local Government of environmental levies. These 
funds have been in the main used for engineering works to alleviate local problems, which 
although worthwhile lacks the catchment wide vision. The question remains whether the money 
is being spent on the most urgent problems? the answer to this is unknown. 
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One of the many impossible problems faced by the Trust was that its functions ended at the wall 
of the Warragamba Dam. Hence, the Trust was not responsibility for the management of the 
whole of the river system.  It may this be argued that the concept of man-made catchment 
boundaries should be replaced by natural boundaries as these natural catchment boundaries are 
easily defined. 
Another problem for the Trust was its funding. It was funded by means of a direct fixed Treasury 
grant which was administered through the then Department of Land and Water Conservation. 
During its first few years the Trust was criticized for not being able to spend its entire available 
grant despite demonstrating effective management of its funds. In its later years the Trust was 
considerably disadvantaged by having to operate within the same budget without any allowance 
for inflation and Government led rises in its labour costs.  
The lack of any formal input link to the planning process has been one of the “achilles heels” to 
all past attempts at catchment management. All of the planning documents so far produced by the 
concerned catchment management bodies in the Hawkesbury Nepean catchment, have been ‘wish 
lists’, without some formal inclusion in planning instruments (The Hawkesbury Nepean 
Catchment Management Foundation, http://www.hncf.org.au/cma.html, accessed 10th August 
2007). 
The Hawkesbury Nepean Catchment Management Foundation (2004) recommends a whole-of-
catchment regional plan adhering to good catchment management principles. In order to allow it 
to be effective and consistent with good catchment management, such a plan must be under the 
control of the catchment management authority, which has a statutory base mandating its 
supremacy over all other plans.  
The catchment management authority must be in a position to accommodate and integrate all key 
Government initiatives and programmes, to enable all agencies and local governments work 
together in a consistent manner throughout the catchment.  Adherence to principles of 
ecologically sustainable development should underpin all of the actions of a catchment 
management authority, to achieve sound ecological outcomes in the long term. The importance of 
strong relationships with local government, the community and other key stakeholders is 
considered to be imperative to the successful management of natural resources within the 
catchment. 
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The challenges for any government which establishes truly effective catchment management 
within the Hawkesbury Nepean Catchment includes: 
• High costs; 
• Some agencies may welcome change; others may feel threatened by it,  
• Different agenda and perspectives of local government; 
• Consideration of stakeholder groups with different agendas (developers; mining industry; 
farmers etc); 
• The time required for implementation of a catchment management plan. 
An effective catchment management authority will be perceived favourably by all stakeholders, 
particularly for the community which lives within the Catchment. It is the support which a 
catchment authority receives from the community and key stakeholders has a major bearing upon 
the effectiveness of catchment management.   
 
 
 
 Chapter 4: Methodology: Narellan Creek Catchment: An Integrated Approach to 
the Study of Catchment Management 
 
4.1 Introduction 
 The study comprised an analysis of catchment management and environmental management, the 
application of an action research enquiry process which enabled an integrated approach to 
catchment management, and an empirical case study of the Narellan Creek catchment.  Each of 
these areas involved different methods of data collection and although unique there were some 
notable similarities.  The research process is described in the following sections under the 
headings of methodology and data analysis. A detailed discussion of the survey components of 
the study, including the methodology and data collection techniques will be elaborated in Chapter 
5. 
 
This research was conducted with the objective of gaining knowledge and an understanding of 
approaches to the successful management of resources within a rapidly developing urban 
catchment.  Associated with the primary objective this research also provides an understanding of 
the concepts and processes of sustainable environmental management. Data collection methods 
involved qualitative primary and secondary research. There follows a description of the 
secondary sources of qualitative research. 
 
A diverse range of literature on environmental management, sustainable development, models of 
catchment management, Narellan Creek and the Hawkesbury-Nepean catchment were sourced. 
Literature included journal articles, books, government and organizational reports, brochures, 
legislation, and newspaper articles. 
 
Peer reviewed journal publications/articles comprised the bulk of secondary qualitative research. 
Publications were sourced using electronic journal databases including ABI/INFORM Global, 
Academic Research Library, Australian Public Affairs Information Service (APAIS), Australian 
Standards, ANR Research Agriculture and Natural Resources Research, PROQUEST Science 
and Social Science Journals, ScienceDirect, and Australia’s Natural Resources Database 
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(STREAMLINE). Databases were searched using keywords and combinations of keywords such 
as ‘Integrated Catchment Management’ ‘Participatory Action Research’ ‘Environmental 
Management’, ‘Ecological Sustainable Development (ESD)’, ‘Hawkesbury-Nepean Catchment’ 
‘Natural Resource Management and Legislation’ ‘Narellan Creek’ . A number of relevant 
publications were identified depending on the database and keywords used. The literature review 
focuses on the most relevant sources relating to the integrated approaches to catchment 
management, multi-stakeholder/participatory approaches to catchment management, and the 
sustainable management of natural resources within urbanized catchments. 
Several libraries were used during the exploratory and data collection phases of the research, 
including the UWS Campbelltown and Hawkesbury campus libraries, University of New South 
Wales library and the Hawkesbury-Nepean Catchment Management Trust library located within 
the Penrith City Council library.  The latter collection provided the majority of sources (books, 
articles and other publications) for the research which had previously been created, housed, 
catalogued and maintained by the Information Centre at the HNCMT at Windsor until 30 June 
2001. From 2001 the collection became the property of Penrith City Council Library and has 
been incorporated into the Library as a research collection housed in the Research Room at 
Penrith. 
The collection contains approximately 8000 items.  A significant volume of sources relevant to 
the research were obtained from the collection.  The sources included books, reports, journals, 
videos, audio visual material, and several maps. 
Reports from government bodies, including the local council (Camden Municipal Council), 
Sydney Water, research organizations, and other institutions provided useful material for the 
preliminary exploratory and subsequent stages of the research.  An Environmental Impact 
Statement (1995-2000) completed by Snowy Mountains Engineering Corporation (SMEC), and 
commissioned by Camden Municipal Council, provided background information on the 
catchment and a valuable insight into the impact of residential and industrial development within 
the Upper Narellan Creek catchment. 
 
Publications released from various studies conducted within the Narellan Creek catchment were 
used to gain specific knowledge of scientific parameters.  These publications also proved to be a 
valuable means of profiling the state of the catchment, extent of development, residential growth 
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and historical background. An Australian Water Technologies (AWT) Ensight publication titled, 
‘Water Quality and Flow Monitoring Study in the Narellan Creek Catchment’ provided scientific 
and quantitative data.  This data was used in conjunction with the results of the preliminary 
survey conducted in 1996 to establish base line information on the catchment.   The most 
valuable source of published data was the reports and articles published by the Hawkesbury 
Nepean Catchment Management Trust.  These publications informed the research on best 
practice models of catchment management, together with sources on integrated and participatory 
approaches. A content analysis of the primary and secondary data was used to identify common 
and underlying themes. The data was then analyzed and interpreted within the theoretical 
framework of participatory action research and models of integrated approaches to catchment 
management.  
 
Legislation relevant to the management of water resources and catchments were obtained from 
government publications on environmental resource management and specifically the 
management of water within catchments.  Supplementary material was sourced from electronic 
databases including the Hawkesbury Nepean Catchment Management Trust’s library, Australian 
Standards Association, and Federal and State governments legislation (http://www.austlii.edu.au/, 
accessed 8/8/07). 
 
Much of the literature has been sourced from institutional and professional agencies, the media 
and other stakeholders, consequently the literature may reflect a broad range of perceptions, 
objectives, and subjectivities. As with the primary sources of qualitative data, all attempts were 
made to validate the data in order to preserve the integrity of the study by comparative analysis 
with other studies. A comparative analysis of academic literature was analyzed together with 
relevant literature obtained from various sources such government publications, reports from 
various institutional bodies and agencies, industry and the media.  A comparative analysis of the 
literature revealed lack of integration between various studies and limited communication 
between the relevant institutions, agencies and industry within the catchment.   
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4.2 Research Design 
4.2.1 Case Study Research 
Initially the case study data collection relied on secondary data collection, to gain a preliminary 
understanding of the context including the sub-catchment of Narellan Creek and the 
Hawkesbury-Nepean catchment.  Analysis of secondary data together with primary data collected 
via interviews, provided information on the major governing body and stakeholder, the 
Hawkesbury Nepean Catchment Management Trust, its goals, objectives, and philosophy in 
relation to catchment management and sustainable development. Various reports published by the 
Trust, government publications and newspaper articles relating to the Hawkesbury Nepean 
Catchment and the Narellan Creek sub-catchment, provided an insight into the activities within 
the catchments and an understanding of current catchment management issues. As noted earlier 
the majority of reports and articles were obtained from the Hawkesbury-Nepean Catchment 
Management Trust library located within the Penrith City Council library. Other publications 
were obtained from the UWS Campbelltown and Hawkesbury campus libraries, University of 
New South Wales library and local newspapers, including the Wollondilly and Camden 
Advertisers.   
 
The majority of the case study research relied primarily on qualitative research. The main sources 
of qualitative data were two community based surveys and interviews conducted with other 
stakeholders. Limiting survey and interview data collection to internal stakeholders may skew the 
data set and omit alternative perspectives, however the objective of the research was to identify 
the key environmental issues within the Narellan Creek catchment and to determine levels of 
community knowledge and awareness of these issues.  
 
A soft systems analytical framework was used to analyse the integrated approach to catchment 
management within the Narellan Creek.  The framework has been successfully applied to 
situations where there is a range of perspectives on environmental issues and associated 
problems, and in contexts where negotiated action is a necessary and preferred precursor for 
change, and where values and belief systems have an influence on decision making  (May,  Shaw  
Orlando and  Boxelaar, 2006).   May et al. (2006) argue that the process has the potential to build 
capacity of stakeholders.   An integrated, multi-stakeholder approach involving the key experts or 
professionals with specific knowledge and interest, who have the capacity and motivation to learn 
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to continuously improve their situation or practice within the context of a dynamic and changing 
environment. This approach exemplifies a new form of research concerned with “integrating 
knowledge from varied scientific disciplines in order to apply it to real world problems” (Love, 
Melland, Gourley, and Paine, 2005). Both research and extension are ‘broker practices’, 
managing the interactions between diverse knowledge systems. Catchment management is a field 
in which new brokering mode of research are emerging, because catchments are characterised by 
complexity and thus there is a need for multiple forms of knowledge associated with varied 
domains (scientific, socio-economic, political etc.) are necessary.  Participating in collaborative 
catchment management, as a form of extension research is primarily concerned with 
communication, information exchange and promotion of learning in order to build capacity and 
change practice. This view is supported in the literature (Engel and Soloman 1997; Bawden, 
Packham, Macadam, and McKenzie 2000).  The approach requires key experts and professionals 
within organisations and institutions to become enablers of learning systems that bring together a 
multiplicity of stakeholders in order to identify, learn and prescribe pathways to improve systems 
(Bawden et al. 2000).  
 
Data collection methods including survey questionnaires and interviews were designed and 
approved by experienced researchers within the Hawkesbury Nepean Catchment Management 
Trust in collaboration with the UWS researcher.  Pilot survey questionnaires and interview 
questions were trialed on a small sample group comprising staff from the UWS, the project team 
from the Upper Nepean Catchment Management Committee and members of the local 
community.  
 
The objective of the survey questionnaires was to providing a clear understanding of the status of 
and changes in community awareness of environmental issues within the Narellan Creek 
catchment.  The survey comprised of a pre and post questionnaire in conjunction with an 
education programme designed to raise levels of community awareness of the Narellan Creek and 
the associated environmental issues with the catchment. 
 
The objective of the interviews was to gain an understanding of how the Hawkesbury Nepean 
Catchment Trust managed its resources towards the objective of achieving sustainable catchment 
management within the Narellan Creek catchment.  
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Catchment management is an area in which new forms of research are emerging and multiple 
methods are often required.  Catchments are complex and chaotic systems, hence multiple forms 
of knowledge are necessary to characterize the dimensions: biophysical, e.g. ecology, hydrology 
and soil chemistry; biology; chemistry; social and economic. Application of a case study 
methodology to analyze and obtain a holistic view of catchment was considered as an appropriate 
research strategy.  Yin (2002) describes the case study method as empirical inquiry that is 
suitable for the investigation of a phenomenon within its real-life context. In this study the case 
study method provides a systematic way of looking at various factors (variables) within the 
catchment, collecting data, analyzing information and reporting the results. The case study 
methodology provides an in-depth, examination of the case, for example a catchment, and 
generates as well as tests hypotheses or research questions (Flyvbjerg, 2006). Case study research 
may involve single and multiple case studies, can include quantitative evidence, relies on 
multiple sources of information and benefits from the prior development of theoretical 
propositions.  Case studies may include both quantitative and qualitative evidence.  
Case study research is particularly appropriate where the investigator has little control over the 
set of events in which they are interested (Yin 1994); as is the case with an investigation of 
science practice within the field of catchment management. Case study methodology is often 
used in qualitative enquiry and is applicable in this context as the following are important aspects 
of the catchment requiring description and analysis: 
• The nature of the catchment, activities and functioning of the catchment; 
• The historical background; 
• The physical setting; 
• The social, economic, political, regulatory (legal) and aesthetic components; 
• Other cases enabling comparative analysis; 
• Stakeholder interest and values which are important to understanding the nature of and 
activities within catchment. 
Analysis of this case study draws on diverse sources of data: participant observation of the 
research group (the Upper Nepean Catchment Management Committee, the Hawkesbury- Nepean 
Catchment Management Trust and other associated committees) and meetings conducted during 
the period of the project; the scientific data obtained from studies of the catchment; the data 
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generated from the modules.    Data was generated from general activities such as committee 
meetings and field days in the catchment, the educational awareness module and the module on 
water quality and flow monitoring.  Informal discussions with stakeholders and personal 
reflection on the experience of participating in the project on catchment management in the 
Narellan Creek sub-catchment.  This case study has been undertaken as action research, and 
Kincheloe’s (2005) description of the methodological bricolage taken from Weicke (2000) 
describes the process of data collection and analysis used in this methodology: 
“We actively construct our research methods from the tools at hand rather than passively 
receiving the "correct," universally applicable methodologies.” 
As an involved participant in the Narellan Creek project, an integrated approach  to catchment 
management adopted as a case study is described by  Feagin, Orum, and  Sjoberg (1991): ‘‘The 
quintessential characteristic of case studies is that they strive towards a holistic understanding of 
cultural systems of action.’’ 
 
Information was obtained from the managers of the government agencies including the 
Hawkesbury-Nepean Catchment Management Trust; the Upper Nepean Catchment Management 
Committee (UNCMC), the NSW State government agencies, and Camden council, other groups 
together with information from local residents and university researchers.  Attendance at 
meetings and public forums provided substantial insight into citizen and stakeholder involvement 
and the relationships between agency and public representatives. 
 
Interviews were conducted in an in-depth semi-structured format. The content and structure of 
the interviews were based on the analysis of the academic and professional literature. The 
interviews were semi-structured in nature to ensure that all relevant topics and issues were 
covered within the interview, and in accordance to the objectives of the study as guided by the 
sponsors, the Hawkesbury Nepean Catchment Management Trust.   The semi-structured nature, 
enabled interviewees to provide and additional information which was of significance and/or 
issues of concern.   The structure and nature if questions contained in each interview were 
modified to suit the interviewee and their area of expertise. For example, interviews with the 
project manager from the Upper Nepean Catchment Management Committee and experts from 
the Hawkesbury Nepean Catchment Management Trust largely focused on the initiatives and 
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strategic aspects of sustainable catchment management, whereas the other interviews focused on 
environmental studies conducted within the Narellan Creek catchment and/or general 
environmental issues within the catchment.   (see Appendix A for copy of the survey 
questionnaire). 
 
All interviews were conducted informally and privately. Some participants were interviewed on 
several occasions during the course of the study.   Key participants providing information 
included management of the Hawkesbury Nepean Catchment Management Trust and  Upper 
Nepean Catchment Management Committee (UNCMC), and Camden council, and they provided 
information on other additional key informants.  Interviews and contacts were continued 
throughout the duration of the study. In total four key participants were interviewed three from 
the Hawkesbury Nepean Catchment Management Trust and  Upper Nepean Catchment 
Management Committee (UNCMC), and one from  Camden council .  As I was the principal 
researcher I conducted the interviews and kept extensive notes on all the interviews and meetings 
attended. These field notes were used to construct case history and to identify the key 
engagement practices within the catchment.   
The context for this research was an investigation of an integrated approach to catchment 
management; the impact of attitudes and behaviour of stakeholders on the environment; the role 
of governments and other agencies; and a critique of the general management of natural resource 
and environmental planning principally at the state level. A case study method was used, with the 
following theoretical challenges examined: 
•  to identify the elements of a successful integrated approach to stormwater and catchment  
management adhering to the principles of sustainability;  
•  to develop an analytical framework through which to explore the potential of an integrated 
approach to stormwater and catchment management for the development of an effective and 
sustainable strategy for the management of natural resources. 
Successful catchment management requires the balancing of many different goals and interests; 
diverse land uses (residential and commercial development, agriculture, forestry, recreation) and 
consideration of their different demands on the diverse resources described by a catchment 
(water, open space, land). Addressing these issues requires stakeholders with specific expertise 
and experience to work across boundaries, which underpins the integrated catchment 
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management model. Using a case study methodology enabled identification of variables and 
uncertainties inherent in complex systems that undermine changes in practice directed towards 
better catchment management. A case study method provides insights into how the stakeholders 
might work together more effectively in their management of natural resources within the 
catchment in a sustainable manner. 
 
In addition, the legal and administrative arrangements for catchment and water planning in New 
South Wales were examined. 
 
4.2.2 An Outline of Participatory Action Research  
Action research (AR) comprises a family of research methodologies which aim to pursue action 
and research outcomes at the same time. This research methodology has some components that 
resemble consultancy or change agency, and some which resemble field research. This type of 
research focuses on action in order to improve a situation and the research is the conscious effort, 
as part of the process, to formulate public knowledge that adds to theories of action that promote 
or inhibit learning in behavioural systems. The key agents within the catchment being the people, 
comprising residents, those responsible for commercial and industrial activities and also 
developers responsible for the construction of housing and local infrastructure.  One of the key 
characteristics of the action research enquiry process approach used in this study was 
collaboration between the key agents and decision makers of the various institutional bodies (the 
local council, and state and federal government), which enables mutual understanding and 
consensus, democratic decision making and common action (Oja & Smulyan 1989). 
 
Action research is also known as participatory research, collaborative inquiry, emancipatory 
research, action learning, and contextural action research, all of which are variations on a theme. 
O’Brien (1998) refers to action research as “learning by doing” – which in essence involves a 
group of people identifying a problem, developing and implementing a plan to resolve it, and 
evaluating the outcomes of the plan which, if unsatisfactory, then involves modifying the plan 
and continuing the process.     
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Action research combines research and action in an attempt to improve a situation and to increase 
knowledge. ‘The Handbook of Action Research’ defines action research as a participatory process 
that brings together “action and reflection, theory and practice in participation with others, in the 
pursuit of practical solutions to issues of pressing concern to people, and more generally the 
flourishing of individual persons and their communities” (Reason & Bradbury, 2001). The 
methods and underlying principles are also supported in the literature contained in ‘The 
Handbook of Qualitative Research’ (Denzin and Lincoln, 2005). 
 
Systems analysis enables researchers to describe complex and dynamic social and organisational 
systems with their emergent properties. Thus researchers are able to engage with the issues 
including processes of change, social action, reflective practice, tacit knowledge, change and 
development in communities and organisations, and with complex and inherently difficult 
problems. 
 
Unlike other methods which provide a framework for analyzing events after they happen in an 
action research enquiry process researchers learn from change as it happens. In traditional 
research methods the research is an external observer however action research directly involves 
the researcher as an active participant (Laidlaw, 2004). 
This study follows the approach of other similar studies (Bawden, and Macadam 1991; Vanclay 
2004; May, Shaw, Orlando and Boxelaar, 2006)   in that it applies soft systems theory, originally 
conceived by Checkland (1981) and further extended by Bawden and Macadam (1991). Bawden 
argued that issues such as environmental degradation and social issues were principally systemic 
and therefore needed to be addressed in a systemic way. Furthermore, proponents of soft systems 
theory prescribe a participatory approach, consideration of different norms, values and beliefs of 
a community and other stakeholders in order to achieve positive change to complex real world 
situations. The knowledge generated by scientific studies of complex systems provides valuable 
information and thus forms an integral component of the solution or pathway for change, 
however it is the stakeholders that govern and direct the change (Bawden, Packham, Macadam, 
and McKenzie, 2000). 
Soft systems approaches to dealing with change generally involve participatory action research 
methodology, and require working with people, rather on, or for people, and this allows for 
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incorporation of local knowledge. A participatory action research approach provides a vehicle to 
construct an interactive learning system within a catchment that includes practitioners as well as 
other stakeholders in the learning process.  
Application of an integrated approach to catchment management provides ways for a diverse 
range of people to be involved and to assist with the problem solution process. This approach 
constructs a situation where stakeholders working together should enable promote positive 
change and provides opportunities for gathering, organising and interpreting information in a 
participatory manner. The process enhances a shared sense of purpose between stakeholders and 
thus provides a basis for developing and implementing innovative solutions focusing on people’s 
practice and knowledge. The participatory approach builds relationships and understanding 
between stakeholders, which provides a platform for developing innovative solutions and 
practical change.  
In this study identification of the issues and problems within the catchment was initially 
conducted under the auspices of the Hawkesbury Nepean Catchment Management Trust, its 
various sub- committees responsible for the sub-catchment areas within the Hawkesbury Nepean 
catchment.  The various sub-committees involved all the key agencies and players of significance 
within each sub-catchment by way of a series of working parties, whose role was to focus on 
particular issues and problems associated with particular areas of the catchment. 
 
Agyris, Putnam and Smith (1985) describe the action researcher as a practitioner, or as an 
interventionist seeking to help improve client systems. They that: 
 
"This help takes the form of creating conditions in the behavioural world of the client 
system that are conducive to inquiry and learning. Lasting improvement requires that the 
participatory action researcher help clients to change themselves so that their interactions 
will create these conditions for inquiry and learning" (Argyris et al., 1985 p.137). 
 
It is generally acknowledged that one of the aims of this type of enquiry is to improve problem 
situations in a practical manner and to realize the goals of developing public knowledge, hence 
Agyris et al. (1985) identify a third and important function of action research, which is to develop 
the self-help competencies of people facing problems.  
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4.2.2.1 Application of Participatory Action Research Enquiry Process towards an 
Integrated Approach to Catchment Management: A Staged Process 
 
The action researchers in this study were the active participants, the members of the various sub-
committees and working parties, whose role was to focus on particular issues, problems 
associated with particular areas of the catchment in collaboration with myself as a UWS research 
representative, a local university. 
 
Gilmore, Krantz and Ramirez (1988) define this methodology: 
 
"Action research...aims to contribute both to the practical concerns of people in an 
immediate problematic situation and to further the goals of social science simultaneously.  
Thus, there is a dual commitment in action research to study a system and concurrently to 
collaborate with members of the system in changing it in what is together regarded as a 
desirable direction.  Accomplishing this twin goal requires the active collaboration of 
researcher and client, and thus it stresses the importance of co-learning as a primary 
aspect of the research process."  
 
Within this definition there are four basic themes: i) collaboration through participation; ii) 
acquisition of knowledge; iii) social change; and iv) empowerment of participants. The process 
that the researcher uses to guide those involved can be seen as a spiral of action research cycles 
consisting of phases of planning, acting, observing and reflecting (Masters, 1995).  
 
What differentiates this type of research from general professional practices, consulting, or daily 
problem-solving is the emphasis on scientific study, that is, the researcher investigates the 
problem systematically and ensures the intervention is informed and underpinned by theory.  The 
method generally requires some modification of the methodological approaches and tools to suit 
the exigencies of the situation, and on collecting, analyzing, and presenting data as an ongoing 
process, hence the approach can be described as having a cyclical basis. 
  
While action research can incorporate a variety of methods and techniques, several attributes 
separate action research from other types of research.  Primary is its focus on turning the people 
involved into active participants as researchers themselves.  O’Brien states that people learn best, 
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and become more willingly apply what they have learned, when they do it themselves.  Hence 
this research has a social dimension - the research takes place in real-world situations, and aims 
to solve real problems such as the environmental issues and problems identified within the 
catchment which directly and indirectly affect people within the catchment area.  The primary 
researcher, with significant interest in the investigation and is responsible for initiating the 
research has some degree of bias along with the other participants in the study (O’Brien, 1998; 
Kemmis and McTaggart cited in Denzin and Lincoln, 2005).  
 
The process of learning by building on experience is a natural one for most people and action 
research provides a framework for formalising and making this process more effective (Allen, 
2001).  "In brief, it consists of an iterative and cyclic approach of action and research with four 
major phases: plan, act, observe and reflect" (Zuber-Skerritt, 1991 p.xiii). Within this study those 
with experience included the agency specialists, representatives from the Upper Nepean 
Catchment Management Committee, the Hawkesbury-Nepean Trust, Camden Council, UWS 
Macarthur, the Environmental Protection Agency, the Stormwater Industry Association, and 
Clean Up Australia.   These experts provided valuable input towards the development of a 
methodology for the identification of environmental issues and problems needing further 
investigations.  
 
The basic underlying assumption which underpins theory and practice is the existence of an 
experiential-based learning cycle (from Kolb et al., 1979) that people can learn and create 
knowledge: i) on the basis of their concrete experience; ii) through observing and reflecting on 
that experience; iii) by forming abstract concepts and generalisations about what to do next; and 
iv) by testing the implications of these concepts in new situations -- which will lead to new 
concrete experiences, and hence the beginning of a new cycle. As a number of reviewers point 
out, this model is similar to other conceptions of basic adaptive processes, or problem solving, 
creativity, and decision making (e.g. Bawden et al., 1984; Ison and Ampt, 1992). A more 
comprehensive form of the action research cycle is from Susman & Evered (1983) and is based 
on an earlier model by Susman and Evered (1978). 
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Figure 1.  Detailed Action Research Model (adapted from Susman 1983) 
 
  
  
ACTION 
PLANNING 
Considering 
alternative courses 
of action 
TAKING ACTION
Selecting a course 
of action 
EVALUATING 
Studying the 
consequences of an 
action 
SPECIFYING 
LEARNING 
Indentifying general 
findings 
DIAGNOSING
Indentfying or 
defining a problem 
 
  
 
Source:  Action Research: A Sociotechnical Systems Perspective  (Susman, 1983) 
 
 
Susman & Evered (1978, p.588) consider all five phases to be necessary for a comprehensive 
definition of action research, yet they acknowledge that action research projects may differ in 
the number of phases carried out in collaboration between the action researcher and the client 
system. In particular they point to the case where the researcher may only be involved in 
collecting data for diagnosis and feeding this back to the client system.  
 
Susman (1983) distinguishes five phases to be conducted within each research cycle.  The 
first phase involves identification of a problem and data collection in order to provide a 
detailed diagnosis.  This preliminary analysis of the situation is followed by the proposal of 
several possible solutions, from which a single plan of action emerges and is implemented.  
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Data on the results of the intervention are collected and analyzed, and the findings are 
interpreted in light of how successful the action has been.  At this point, the problem is re-
assessed and the process begins another cycle.  This process continues until the problem is 
resolved.  Hence the approach is cyclical in nature and may be described a feedback loop.  
 
Kemmis has developed a simple model of the cyclical nature of the typical action research 
process (Figure 2).  Each cycle has four steps: plan, act, observe and reflect. 
  
Figure 2.   Simple Action Research Model  (MacIsaac, 1995) 
 
 
 
 
 
Source:  An Introduction to Action Research. (MacIsaac, 1995) Available at: 
http://www.phy.nau.edu/~danmac/actionrsch.html Accessed March 1998. 
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Another example involves the researcher evaluating the actions undertaken by the client 
system and feeding data back to it. Also different schools of action research describe this 
cyclical process using lesser or greater number of steps. For example, Kemmis refers to four 
phases (see above), while Checkland's (1981) Soft Systems Methodology outlines seven 
steps or phases. 
 
In addition to the difference in the number of phases within each cycle, contemporary 
applications of action research also enable the use of different techniques for data and 
information collecting especially in the diagnosing and evaluating phases. These may include 
the use of questionnaires, semi-structured interviews or focus groups, with the choice often 
largely dependent on the researcher's skills and backgrounds. Literature reviews as well as 
records, memos and reports from the client system are also be commonly used.  All of these 
techniques and reviews of records were used in this study.  Various techniques were used in 
order to: collect scientific data on water quality and biodiversity; social data on public 
awareness of environmental issues and behaviour; evaluate existing environmental 
management practices associated with commercial and industrial activities within the 
catchment.   
 
The rationale for the use of various data collection techniques and flexibility in method 
design is because action research is designed to deal with and respond to 'real-world' 
situations, which differs from other types of research which typically start with a very 
precise research question. It is recognised that given the ‘chaotic’ nature of the social 
systems, action research design cannot be fully prescribed in advance and then rigorously 
and inflexibly implemented (Damme, 1998). Hence the research design may be described as 
emergent, and evolving as a consequence of variable situational factors, also by the events 
that take place during the project and by the progressive analyses that are made during the 
process.  The use of repeated cycles enables the action researcher and active participants to 
converge on an appropriate conclusion (Figure 3). 
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Figure 3. The iterative nature of action research (Damme 1998) 
 
 
 
 
 
 
The rigour in action learning lies in the quality of the data and the interpretations of this to help 
people think about - reflect on - how they can improve the situation in question (Allen, 2001).  At 
each of the steps there is a potential to add to existing knowledge, consequently expansion of the 
knowledge base occurs as a result of ‘learning by doing’. 
 
4.2.3  Action research and it’s application in environmental management 
The growing use of action research within environmental research and development initiatives 
explicitly recognises that natural resource management issues (such as catchment management) 
are characterised by identification of issues which need to be resolved and will inevitably require 
the involvement and cooperation of several parties, and for  modification of one or more parties 
views.  The underlying assumption of these approaches is that effective social change depends on 
the commitment and understanding of all stakeholders involved in the change process. Moreover, 
a participatory approach that requires ‘clarifying and negotiating’ ideas and concerns, which will 
be more likely to succeed particularly if research indicates that change is necessary. Furthermore 
Allen (2001) has suggested that collaboration can provide people with the interactions and 
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support necessary to make fundamental changes in their practice which enable sustainability 
beyond the research process. 
 
Action research projects are generally situationally unique, however there may be elements in the 
methods that may be used by other researchers in different circumstances.  Examples of action 
research applied to various environmental projects include:  the development and application of 
Participatory Action Research (PAR) approaches within a Victorian Department of Primary 
Industries (DPI) project - the Developing Social Capability (DSC) Project. The aim of this 
project was to enhance the capability of people in the food, agriculture and natural resource 
management sectors  for sustainable, productive land management. (May, Shaw, Orlando, and 
Boxelaar, 2003).  Another application of participatory action research is exemplified by a project 
based in the Taieri River catchment, New Zealand. The case study illustrates the importance of 
both horizontal and vertical connections between diverse coalitions of catchment stakeholders 
and the contribution of PAR cycles of inquiry, reflection, and action, toward this type of 
integration. Both generic and location-specific examples highlight the value of participatory 
methods that respond to the challenge of how to integrate the complex social and bio-physical 
processes that characterize human and ecosystem health. (Parkes and Panelli, 2001). 
Action research was identified as the most appropriate methodology to undertake in this study 
due the nature of the existing social systems and relationships between the key agents and the 
natural environment of the catchment.   This type of research provides a holistic approach to 
problem-solving, which allows for the application of various methods for collecting and 
analyzing data depending upon the nature of the systems under study.  Thus, this research allows 
for several different research tools to be used as the project was conducted.  These various 
methods used in this study, are generally ascribed to and are common to the qualitative research 
paradigm, and include: maintaining a research journal, document collection and analysis, 
participant observation recordings, questionnaire surveys, structured and unstructured interviews, 
and case studies. 
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4.3 Overview of the Project 
The project was sponsored by the Upper Narellan Creek Catchment Management Committee 
under direction of the Hawkesbury Nepean Catchment Management Trust.  Funding was 
provided to administer the pre and post surveys, data analysis and reporting.  Funding was also 
provided to develop an educational programme to raise community knowledge and awareness of 
environmental issues within the catchment.  The initial timeframe of three years, from 1996 to 
1999 for completion of the project was therefore prescribed by the sponsors.  However changes 
to funding and internal organizational changes extended the duration of the project until 2001.   
 
4.3.1 Project Modules 
The project was divided into specific modules in order to identify and analyse environmental 
management systems and to facilitate improved decision-making on land and water resource 
management by: 
 
 (i) providing a clear understanding of the status of, and changes in Community Awareness of 
Environmental Issues within the Narellan Creek catchment; 
 
(ii) providing an interpretation of the costs and benefits of land and water resource change and 
any remedial actions; 
 
(iii) developing an information system of compatible and readily accessible land and water data; 
 
(iv) documenting and analysing collaboration between relevant stakeholders and authorities 
within the catchment; 
 
(v) providing a framework for monitoring water resources in a useful and structured way. 
 
This thesis focuses on two of the modules: the module on the collection and review of scientific 
land and water data available on the Narellan Creek catchment and the module evaluating levels 
of community awareness of environmental issues within the Narellan Creek catchment.  The 
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following chapter provides a detailed description of the design and implementation of the two 
study module components of the Narellan Creek an Urban Impact Study. 
 
 
4.3.1.1   Module: Water Quality and Flow Monitoring Study 
The main objectives of this study were to: 
 
Stage 1: 
• document existing sampling sites, equipment and data collection strategies; 
• collate and review existing data sets; 
• review the data storage and transfer mechanisms that were available; 
• report on spatial and the temporal distribution of data sets. 
Stage 2: 
• provide detailed recommendations for future catchment water quality and flow 
monitoring and reporting, which in particular addressed the following: 
? sites, equipment and sampling regimes; 
? parameters measured and analytical methods; 
? data recording, collating and reporting systems; and 
? ongoing broader community access to data sets; 
• propose a monitoring and reporting programme to be completed as a two year programme 
to provide data to assist the Upper Nepean Catchment Management Committee to 
complete an urban impact study of the Narellan Creek sub-catchment. 
 
It was anticipated that Stage 1 of the process and implementation of the recommendations from 
this module would result in: 
• broader community access to available information; 
• improved quality of information on water quality and flow; 
• an integrated monitoring and reporting mechanism with the assignment of responsibility 
of various activities; and 
• a decision-support mechanism to improve the assessment of impacts on water quality and 
flow. 
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The scope for this study was the rural, urban, agricultural, industrial and the proposed 
development areas within the Narellan Creek catchment.  Information on water quality and flow 
for the Narellan Creek and its tributaries were sourced, collected and reviewed.  
 
 
4.3.1.2  Module: Collection and review of scientific land and water data available on the 
Narellan Creek catchment 
All scientific data was sourced from previous studies conducted within the catchment.  The 
purpose of this module was to develop an information system of compatible and readily 
accessible data.  
 
Narellan Creek catchment has been subject to several investigations yielding a number of 
publications and various data sets.  A preliminary search revealed that these data sets were held 
by Camden Council, the Environmental Protection Authority, Sydney Water, the Department of 
Land and Water Conservation, the CRC for Freshwater Ecology, and several local developers.  
The purpose of a preliminary investigation of the available data was to identify the spatial and 
temporal distribution of the data sets and any information gaps.    The collation and analysis of 
the available data and its documentation provided a useful basis for understanding the current 
status and action within the catchment.   
 
The purpose of analysing the data sets was to establish the impact of increasing urbanisation on 
Narellan Creek in the immediate and longer term as part of a longitudinal study.  The potential of 
such a study being that it may enhance a water quality and flow programme by providing useful 
information on the following areas: 
• additional monitoring sites and regimes; 
• alternative testing methods (analytical methods); 
• a coordinated database system; 
• water quality analysis; 
• calibration of hydrological stations; 
• provision of community access to data; 
• a protocol for the operation, maintenance and reporting of water quality and flow 
monitoring to the Upper Nepean Catchment Management Committee. 
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 4.3.1.3 Module: Evaluating levels of community awareness of environmental issues within 
the Narellan Creek catchment 
 
During the period this research was conducted, 1996 to 2002, the principal residential areas in the  
Narellan Creek catchment were the suburbs Harrington Park, Narellan Vale, Mount Annan, 
Currans Hill, Elderslie, Smeaton Grange and Narellan.  Since 2002 these suburbs have undergone 
further development and additional residential estates have been established or expanded at 
Kirkham, Spring Farm and Grasmere.   
 
Narellan Creek catchment is a greenfields area and is still undergoing rapid developmental 
change, and as such the environmental issues of concern at the time the research was conducted 
still remain issues of concern today. This catchment presented a unique opportunity to investigate 
various interventionist strategies developed by the Committees to minimise impacts on the 
Narellan Creek and the Hawkesbury Nepean River into which the Creek runs, by: 
• the education of key stakeholders; 
• the development of a water quality and quantity monitoring program; 
• an integrated stormwater and catchment management programme including improved 
urban development practices. 
 
The purpose of the education and awareness module was to assess and enhance levels of 
stakeholder awareness of environmental issues within the catchment.  This module comprised  a 
survey assessment of community awareness of environmental issues, conducted prior and 
subsequent to the implementation of several broad education programmes, including the naming 
of nine creeks within the catchment.  Community participation was encouraged and supported by 
the Upper Nepean Catchment Management Committee initially by holding various information 
sessions which lead to the formation of a community reference group, which functioned during 
1996 to 1998 but lapsed.  An initial (pre) survey was conducted in 1996 followed by an 
educational programme and a post survey conducted in 2001.  The purpose of the survey was to 
determine existing levels of community awareness of  local environmental issues, and any 
changes in awareness  subsequent to the educational initiatives designed to raise levels of 
environmental awareness.   
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 The intended outcome of the education programme and various other initiatives was to develop 
an aware community within a catchment that was being monitored and producing measured 
impacts on the Hawkesbury-Nepean River.   
 
At the start of the study focus group sessions were arranged to bring together the expertise and 
knowledge of major partners from Camden Council, the Department of Land and Water 
Conservation,  the Environmental Protection Authority, Streamwatch (local environmental 
group) , the University of Western Sydney, representatives from Mount Annan Botanical 
Gardens,   and local developers.  The value of an education and awareness programme was 
viewed by all as being an important factor required to raise awareness amongst the residents and 
businesses of the impact of stormwater (runoff from urban and commercial development) on the 
Narellan Creek and the Hawkesbury-Nepean River.   
 
The Upper Nepean Catchment Management Committee together with myself as the principal 
researcher and representative of the University of Western Sydney, identified the following key 
goals: 
• to raise the level of  community awareness that they lived and/ or worked in the Narellan 
Creek catchment; 
• to raise awareness,  knowledge and develop skills  amongst residents, business owners, 
their employees and the managers of public lands to take action to limit stormwater and 
other environmental impacts within the catchment; 
• to enable key decision makers who are committed to develop and apply appropriate 
regulatory and economic powers to minimise environmental impacts on the local 
waterways; 
• to develop an education and awareness programme that over time would result in changes 
in behaviour of the target groups in order to achieve best practice action within an 
integrated catchment management system. 
 
Initially the project was to have run for a maximum of three years, from 1996 to 1999, and 
strategies were developed to be continued after the period.  However changes to funding and 
internal structural arrangements within the Hawkesbury-Nepean Catchment Management Trust 
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resulted in the project continuing to 2001.  It was anticipated that community groups, state 
government agencies, Camden Council and other groups would be in a position to continue and 
sustain their involvement with components of the project unassisted beyond 2000. 
  
The educational  module focussed on the following target groups: existing and new residents; 
developers; builders; businesses and industries; industry associations; educational institutions; 
Camden Council; state government agencies (e.g. the Environmental protection Agency (EPA)  
and the Department of Land and Water Conservation (DLWC)); environmental groups (e.g. 
Streamwatch) and the media. The design of the education programme was based on results of the 
initial community awareness survey conducted by the University of Western Sydney, sponsored 
by the Upper Nepean Catchment Management Committee.  A detailed description of the 
educational programme, stakeholder groups, core goals, objectives and strategies are presented in 
the data chapter. 
 
Literature on government policy development in relation to the regulation of natural resources, 
indicates that the context and manner in which regulation is designed can be critical to its 
effectiveness.  
 
“Rather than designing solutions themselves, regulators need a process to generate 
solutions, build a consensus for change, recognise the multiplicity of interests and values 
and design multi-instrument responses that feature flexibility and recognise variety” 
(Mooney, 1996). 
 
An integrated stormwater and  total catchment management approach was developed and 
implemented by the Upper Nepean Catchment Management Committee and the Hawkesbury 
Nepean Catchment Management Trust in order to achieve the objectives of the project. This 
approach involved the participation of all stakeholders in a holistic approach to the management 
of the catchment.   
 
An education programme was designed on the basis of results from the initial survey to assess 
levels of community awareness on local environmental issues.  The purpose of the survey was 
also to benchmark community attitudes and behaviour in relation to the environment behaviour.  
An education programme and various other initiatives were developed and implemented in order 
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to raise levels of community awareness of the catchment and local environmental issues and to 
support best practice.  In conjunction with the education programme monitoring of the catchment 
enabled measurement of impacts on the Hawkesbury-Nepean River.   
 
The underlying principal of the integrated model of catchment management was the collaboration 
between community, developer groups, local government, state agencies, universities and the 
local catchment management committee to achieve best practice in stormwater management.  It 
was envisaged that if successful, the approach and strategies developed within each module of the 
project could then be adapted and applied to other rapidly urbanising Greenfield catchments in 
Australia. 
 
4.4  Scientific Data Collation and Analysis 
 
An action research enquiry process was used as a basis to evaluate and improve methods of 
managing multi-stakeholder approaches to environmental decision making within a local 
urbanized catchment area, the Narellan Creek catchment.  The results of this analysis provided an 
empirical basis to improve decision making on how environmental resources could be managed 
more effectively within the Narellan Creek catchment. The quality and accessibility of 
information is crucial for effective decision making and the development of appropriate strategies 
in order to address the issues and problems of concern within the catchment (O’Reilly 1982; 
Sarokin and Schulkin 1991; Walker, Cowell, and Johnson, 1998; Australian Government, Land 
& Water Australia, 2005).  
 
The action research inquiry was used to evaluate a participatory approach involving the 
community and other stakeholders towards the development of sustainable water catchment 
management, underpinned by an integrative approach to decision making. Analysis of existing 
data sets, including water quality and biodiversity assessment, enabled diagnosis of the major 
environmental issues within the catchment.  The Hawkesbury Nepean Trust set up steering 
committees and working parties comprising of the key agents and local community to address the 
issues.  The action research enquiry process involved determination of alternate courses of action, 
determination of available resources, selection of appropriate solutions, implementation and 
evaluation.   
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As background to and preparation for the data collection and analysis, a review of the literature 
was undertaken, in order to ascertain what previous studies had been conducted and the nature of 
the data that had been collected within the Narellan Creek catchment. This involved a literature 
search and directly contacting the Hawkesbury-Nepean Catchment Management Trust, the Upper 
Nepean Catchment Management Committee (UNCMC), NSW State government agencies, and 
Camden Council. The information that was sought included published and unpublished reports 
and relevant data on water quality, studies on biodiversity, as well as methods that were used to 
assess the aquatic habitats within the catchment.  
 
A field site inspection was undertaken on 21st March 1996 to determine the extent and nature of 
the creeks and wetlands within the catchment. No sampling was involved, however photographs 
were taken and notes were recorded on the habitats and general condition of a number of creeks 
and wetlands in the core study area.  
 
A one-day presentation/workshop was run on the 23 rd October 1996 involving experts with 
extensive experience working in the aquatic field and appropriate government agency specialists. 
The panel’s expertise ranged from aquatic habitat assessment, catchment management, water 
quality, wetlands and aquatic ecology.  Agency specialists included representatives from the 
Upper Nepean Catchment Management Committee, the Hawkesbury-Nepean Trust, Camden 
Council, UWS Macarthur, the Environmental Protection Agency, the Stormwater Industry 
Association, and Clean Up Australia.   Their combined role was primarily to provide input 
towards the development of a methodology for the identification of further investigations. The 
representatives on this panel formed part of the steering committees and working parties 
responsible for addressing the key environmental issues of concern within the catchment. 
 
A content analysis of the relevant themes identified within the literature was used in order to 
interpret and analyse the data.  The content analysis was applied all of the secondary research 
data including  academic literature, industry and professional literature, together with primary 
data obtained from the primary sources: survey questionnaires, the interviews and from 
observations in order to categorise the data within each  theme. The identified themes form the 
basis of the data analysis and discussion chapter.   
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The quantitative and qualitative data obtained from the survey questionnaires was converted into 
frequency distribution tables and then was categorised according to the key themes.  The 
categorised data was then tabulated and charts prepared using Excel software.  These charts and 
tables were then analysed. 
 
4.5  Data Gaps 
From 1990 to 2001 there had been some monitoring of water quality and biodiversity within the 
Narellan Creek catchment.  The review indicated that various studies had been conducted; 
however these studies were sporadic and intermittent.  Some of the agencies responsible for these 
studies include Camden Council, Australian Water Technologies, and the New South Wales of 
Land and Water Conservation. 
 
Camden Council had sustained the longest study monitoring various chemical, physical and 
biological parameters of creeks including Narellan Creek flowing into the Nepean River.   
Measurements of turbidity and suspended solids were used primarily to assess the aesthetic 
quality of the waterways.  The Council had monitored several sites, however the time frame of 
monitoring and chemical parameters used to determine water quality were discontinued due to 
budgetary constraints and environmental policy change. Since 2001, to date there has been no 
continuous/systematic monitoring within the Narellan Creek catchment. Hence one of the 
recommendations (see Chapter 6) of this study  is  that recommencement of regular and 
systematic broad range sampling within the catchment be undertaken to assess water quality as 
this will provide trend data indicating the impact of development and changed land use practices. 
A summary of the various studies conducted is presented in Chapter 3, which in conjunction with 
an historical overview of the catchment provides a detailed account of the context of the study. 
 
As noted above an action research inquiry process was used to find improved ways of managing 
collaborative or multi-stakeholder approaches to environmental management, and to develop an 
integrated information framework to underpin subsequent decision making. The research 
involved one main case study ‘The Narellan Creek Urban Impact Study’, which was comprised 
of a series of modules, two of which will be reported in detail within the thesis:  a community 
education module and a water quality and quantity and flow of Narellan Creek assessment 
module. An outline of the action research process enquiry will be provided, followed by the 
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methodological approaches used within each module. As the approach taken within each module 
is unique, they will be reported on separately.  
 
This thesis represents a case study inquiry into how an adaptive management ethic and practice 
that supports the concept of sustainable development can be initiated and implemented in 
complex regional or large-scale contexts. Narellan Creek sub-catchment was and remains an area 
under a wide range of complex environmental stressors due to extensive and rapid urban 
development, a high rate of population growth, significant changes to land use practice, and high 
levels of commercial and industrial development.  The challenge faced by government agencies 
responsible for the catchment and region is achieving a balance between development and 
simultaneously maintaining the state of the environment in a sustainable manner. 
 
 
4.6 Assessing the Impact of a Participatory, Action Research-oriented Project: A Survey to 
Assess Community Awareness of Environmental Factors Affecting the Water Quality of 
Narellan Creek   
This survey was commissioned by the Upper Nepean Catchment Management Committee 
(UNCMC).  The survey sought to elicit respondents’ awareness of environmental concerns, their 
attitudes towards them, and their own practices. The objective of the survey was to establish a 
‘benchmark’ of community awareness of the water quality of Narellan Creek, in the Narellan 
Creek catchment, and to monitor any change in awareness, attitude and behavioural change 
subsequent to a community directed educational programme. 
 
This chapter also presents the findings of the pre- and post survey which measured community 
awareness of residents within the Narellan Creek catchment prior to and subsequent to a 
community education programme developed and implemented in late July 1996. 
 
The key objective of the pre-survey conducted in 1996, was to provide a benchmark of current 
levels of awareness of residents within the Narellan Creek catchment to issues related to the 
water quality of the local creek and waterways within the catchment. This benchmark survey was 
designed to enable subsequent measurement of any changes in community awareness as a result 
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of a community education programme. The post-survey, conducted after the development and 
implementation of the educational programme was to identify changes in levels of community 
awareness of environmental factors related to the water quality of Narellan Creek.  
 
The educational programme and both surveys specifically focused on the following areas: 
 
• Levels of awareness of stormwater runoff from residents’ property into stormwater drains 
then into the local creek and then into the local river; 
 
• Levels of awareness of water drainage from other properties affecting residents property; 
 
• Levels of knowledge about residents actions which will make a difference to water quality of 
the local creek and waterways within the catchment; 
 
• Levels of awareness of local environmental issues; 
 
• Perceptions of residents contribution from their home, yard or garden to the pollution of 
waterways within the catchment; 
 
• Perceptions of residents of  how ‘clean and healthy’ local waterways are within the 
catchment; 
 
• Levels of knowledge of other groups who could contribute to keeping local creek and river 
water ‘clean and healthy’. 
 
 
Within the field of environmental management research it has been established that 
environmental education can play a central role in raising public awareness of anthropogenic 
impacts on natural systems (e.g. Diduck 1999). Many studies have assessed the impact of 
community based educational programmes designed to raise public awareness of environmental 
issues and achieve positive behavioural change. (Tarrant and  Cordell, 1997; Olli, Grendstad and  
Wollebaek, 2001; Teisl and O’Brien, 2003) 
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 Community attitudes is one of the most widely studied constructs of human interaction with the 
natural environment.  Related to but not identical constructs within the field of environmental 
attitude research include environmental awareness, sensitivity, concern, beliefs, and feelings. In 
addition, numerous studies on environmental attitudes have been conducted on a selected few 
variables including: age, gender, residence, income, ethnic and cultural background, political 
ideology, childhood experiences, and social context (Teisl & O’Brien, 2003). 
 
The evaluation of impacts upon constructs such as community attitudes, awareness 
environmental research impact assessments may take a variety of forms and involve direct and/or 
indirect measurements. For example assessments  may include direct measurement of impacts 
(e.g. monitoring of water quality and determination of biodiversity change); comparisons of 
before/after or with/without project conditions and changes; statements from key individuals and 
groups, which may include individuals or groups, such as government bodies outside the study 
site and not directly associated with the project; and if possible, projections of likely future 
changes given progress towards impacts as of the present.   
 
4.7 Survey Methodology 
Both of the surveys were conducted using the same methodology. Details pertaining to each of 
the surveys will be reported in a separate section preceding the presentation of the data.   
 Firstly, the pre-survey conducted in 1996 will be reported.  The survey was semi-structured in 
nature and was randomly administered to local residents, within the Narellan Creek catchment.  
The sample selection method chosen being non probability sampling.  Nonprobability sampling 
methods fall into two broad types: accidental or purposive. The sampling method used was 
purposive in that the sample was restricted to residents within the catchment. Within the category 
of purposive sampling nonproportional quota sampling was chosen as this technique is less 
restrictive. In this method, a minimum number of sampled units were determined for each age 
category of interest. This technique is not concerned with having numbers that match the 
proportions in the population, however sufficient numbers of each group are required, and that is 
sufficient representation of small groups in the population to allow reporting based on each 
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group. This method is the nonprobabilistic analogue of stratified random sampling and is a 
technique that is typically used to ensure that smaller groups are adequately represented in your 
sample. 
 
Development of the survey questionnaire involved consultation with project members of the 
UNCMC, members of the local Narellan Creek catchment community Working Party and 
members of the general public.  A questionnaire was chosen as the survey instrument. This was 
designed to measure the awareness of the general public to issues related to water quality of their 
local creek and waterways within their local catchment.  The questionnaire comprised a mixture 
of simple closed questions with response options of  ‘yes’, ‘no’ or ‘unsure’, together with open-
ended questions and ‘tick-a-box’ style questions to obtain demographic data. Demographic 
questions (classification data) were restricted to information on which suburb respondents lived 
in, their gender and age group. A copy of the survey questionnaire may be found in the appendix 
A. 
  
The questionnaire comprised a mixture of simple closed questions with response options of  
‘yes’, ‘no’ or ‘unsure’, together with open-ended questions and ‘tick-a-box’ style questions to 
obtain demographic data. Demographic questions (classification data) were restricted to 
information on which suburb respondents lived in, their gender and age group. A copy of the 
survey questionnaire may be found in the appendix. 
 
The pre-survey involved the administration of a survey questionnaire at a local shopping mall. 
The survey was carried out in July 1996, using a team of interviewers who approached passers-
by, who were selected randomly and asked to complete the questionnaire.  
 
A pilot study of the survey questionnaire was conducted on a small sample group comprising 
staff from the UWS, the project team from the Upper Nepean Catchment Management 
Committee and members of the local community, at the local shopping mall. This involved 
interviewers administering the questionnaire. The format and content of the questionnaire was 
revised according to the comments and suggestions obtained from both the interviewers and the 
respondents. 
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The use of interviewers to administer the questionnaire was chosen to maximize the response 
rate. Interviewers were also able to clarify doubts, and ensure that the respondents properly 
understood the questions by repeating or rephrasing the questions. Interviewers followed a 
predetermined set of interviewing protocols. 
 
Interviewers were requested to ask all members of the public visiting the mall if they would 
participate in the survey. The questionnaire was administered during selected time periods, i.e. 
from 7.30 a.m. until 7.30 p.m. Monday to Friday and between 10.00 a.m. to 4.00 p.m. on 
Saturday of the survey week. Selection of these times was based on information obtained from 
Narellan Mall’s Centre Management personnel. It is noted that the sampling strategy selected 
excluded those community members that might not shop at the mall. 
 
 
4.7.1 Error, Variance and Limitations of the Survey 
It is recognized that some error may be attributable to restricting the target population by 
implementing a convenience sampling method,  that is administering the survey to only residents 
who shopped at the major local shopping mall, the Narellan Town Centre.  Although the survey 
was administered at various times during the day for a period of two weeks to increase the level 
of representation of all groups within the population, particularly groups that visited the mall 
before and after as well as during working hours, groups such as the elderly, those residents that 
worked outsides the area and those that did visit the mall were not represented in the sample. 
Supplementary data was obtained from interviews of experts involved with and external to the 
catchment, together with material collected at public forums and meetings. 
 
 
4.7.2 Study Time Line 
The pre-survey was administered in 1996 prior to the development and implementation of an 
educational programme in 1996/7.  The post-survey was used to determine any changes in 
community awareness, attitudes and behaviours subsequent to implementation of the educational 
programme were administered in 2001. 
 
Although the thesis provides a description of the educational programme after a significant period 
of time since data collection, the environmental issues within the catchment remain and a 
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discussion surrounding enabling community engagement and participation in relation to 
sustainable environmental management practice is still current.  
 
Many studies on environmental awareness use results of attitudinal surveys as a 
proxy for level of environmental attitude and public action have been conducted. Considering this 
wide use of awareness/attitudinal survey results, the basic trends in relation to community 
awareness, attitudes and behaviours in relation to the environment are of continued significance 
in line with the global consensus on the importance of environmental issues. 
 
Community awareness and attitude surveys on the environment are generally categorized into 
time series and cross-national perspectives. The study of trends in such surveys is particularly 
useful to reveal shifts in public concerns and attitudes and policy change over time.   This survey 
monitors the community awareness, attitudes and behaviour in relation to environment of 
Narellan Creek catchment from 1996. Comparison of trend data, scientific environmental data 
with changes in policy provides may be useful for the design and achievement of sustainable 
environmental management programmes, and government policy reform.     
 
Trend data may also reveal the process of transformation that is shifts in public opinion and the 
movement to wards pro-environmentalism.  Studies on trends of environmental concerns initiated 
in the late 1960s in most developed countries and these studies continue as public interest toward 
environment has grown with “unprecedented speed and urgency” (Erskine, 1972a). 
 
 
4.8 Summary 
The context for this research was a detailed examination of the complex environmental issues 
within the Narellan Creek catchment: the influence of the attitudes of individuals on the 
environment; the historical background of the Hawkesbury Nepean Catchment; the role of 
governments its agencies and other stakeholders in the management of natural resources using 
participatory approaches to catchment management.  
 
The dynamic complex nature of catchments, which includes diverse range of stakeholder with 
different interest and perspectives, supports the application of mixed methodologies in the 
research design applied in this study.  The multiple methods used in this study included case 
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study research, participatory action research, participant observation, and survey research.  It was 
anticipated that the mixed research methodologies used would provide a richness of data that 
would provide detailed and rich data on the complex environmental issues examined within the 
study. 
Chapter 5: Data Analysis and Findings 
 
5.1 Results of a Survey to Assess Community Awareness of Environmental Factors 
Affecting the Water Quality of Narellan Creek - 1996  
 
The following section presents the findings of the survey which measured community awareness of 
residents within the Narellan Creek catchment prior to the community education programme which 
commenced in late July 1996. 
 
The survey involved the administration of a questionnaire at a local shopping mall, Narellan Town 
Centre, which is located within the Narellan Creek catchment. The survey was carried out in July 
1996, using a team of interviewers who approached passers-by to complete the questionnaire. Over 
500 completed questionnaires were collected. 
 
On a sample size of 410 (540 questionnaires were administered and restricted to 410, i.e. living 
within the catchment), reported differences will be statistically significant at the 95% confidence 
level when the difference is greater than 8%. 
 
There will be some degree of variation from this when percentages are either very small or large. 
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 5.2.1 Demographic Data 
 
5.2.1.2 Respondents by Suburb 
As shown below 48% of the respondents came from either Narellan or Narellan Vale, 9.5% from 
Mount Annan, 9% from Elderslie, 6% from Currans Hill, 3.5% from Harrington Park, less than 1% 
from Smeaton Grange and 23.5% from other suburbs, i.e. outside the catchment. 
 
 
 
Graph 1. Respondants by Suburb
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5.2.1.3 Respondents by Age and Gender 
 
             
     
Graph 2. Age and Gender of Respondents
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More females than males completed the questionnaire. This may be expected since the 
questionnaire was administered in a shopping mall during the school holidays. Male respondents 
represented 35% of the sample, and females 65%. 
 
The majority of respondents fell in the 21-40 year old age group. 
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Knowledge of Stormwater Runoff 
 
Question 2a & 2b: Does rainwater run off your property into stormwater drains? and where 
does the rainwater run to next? 
 
The majority (68%) of respondents thought that rainwater did run off their property into stormwater 
drains, whereas 26% stated that it did not and 6% were not sure if it did or not. In response to the 
question “where does the rainwater run to next?”, just under half of the respondents thought that 
rainwater ran into a local river or creek. The rest stated that rainwater ran into other areas and gave 
various suggestions such as the ocean, ground, catchment, treatment plants etc. (Graph 3). 
 
 
 
Graph 3.  Question 2b
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 5.2.1.4 Knowledge of water drainage from other properties 
 
Question 2c: Is your property affected by water drainage from other properties? 
 
The majority of respondents considered their property to be unaffected by water drainage from 
other properties. 
 
 
 
Table 1. Question 2c: Is your property affected by water drainage  from other       
  properties? 
 
           
Response Number Percentage
Yes 101 24.63
No 296 72.20
Unsure 13 3.17
Total 410 100.00
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5.2.1.6 Knowledge of sources of water pollution from homes and/or gardens 
 
Question 3b: Thinking about your home, yard or garden can you think of anything that can 
get into your local creek? 
 
Over half of the respondents could not think of any items from their home, yard or garden that 
could get into their local creek. Of those that could, half of the respondents were aware of 
detergents and one quarter of rubbish from their homes could get into their local creek. For items 
from their gardens the majority of respondents suggested plant materials, chemicals and rubbish. 
 
 
 
 
Graph 4. Question 3b
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5.2.1.7  Perceived effect on local creek/waterway 
 
Question 3c: What effect do you think these items may have on your local creek?  
 
This question was included to check whether respondents thought the items listed in the previous 
question did affect their local creek. Half of the respondents stated that these items caused some 
form of pollution. The other most frequent suggested effects included changes in numbers and 
presence of wildlife, silting of the river and algal blooms. 
 
 
 
 
Graph 6. Question 3c
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5.2.1.8 Local Environment: Awareness of local environmental issues 
 
Question 4b: Are there any LOCAL environmental issues of particular concern to you? 
 
Just under half of the respondents (46%) indicated that they were concerned about local 
environmental issues, whereas the rest were not. The most common issues of concern included 
general pollution, littering and river pollution. Other issues raised were of a more specific nature 
e.g. industrial pollution, over development, recycling, etc. 
 
 
 
Graph 7. Question 4b
1.27
1.27
1.69
2.12
2.12
2.97
5.51
5.51
5.93
6.78
9.75
12.29
13.56
13.56
15.68
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Too Many Dogs
Sewerage
Location of Airport
Things down Drains
Soil Erosion
Sand Mining
Industrial/Rural Pollution
Overdevelopment
Recycling
Traffic Pollution
Maintenance of Parks
Other
Littering
River
Pollution
Percent
  Page 107 
5.2.1.9 Condition of local creek 
 
Question 5b: Do you think your local water is clean and healthy? 
 
Respondents were firstly asked the above question. Most respondents (63%) indicated that they 
thought their local creek or river was not clean or healthy, 15% of the respondents thought their 
local water was clean and healthy and 22% were unsure. Respondents were then asked to suggest 
what things indicated that their local creek/river water was clean and healthy (Graph 8). Just less 
than half of the respondents based their assessment on the appearance of their local creek or river. 
The other types of indicators that were mentioned most often were the presence of wildlife, 
rubbish/pollution and algae. Some respondents based their assessment on being allowed to 
undertake recreational activities (such as swimming) in their local creek/river, or being able to drink 
the water safely, i.e. no restrictions in place. 
 
 
 
Graph 8. Question 5b
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5.2.1.10 Knowledge of ways to reduce water pollution 
 
Question 6b: Can you think of anything that you can do at home to help keep your local creek 
and river water clean and healthy? 
 
Most respondents (70%) did acknowledge that there was something that they could do, 24% of 
respondents could not think of anything they could do and 6% were unsure. Of the respondents that 
could think of things they could do, the suggestions that occurred most often were not to put waste 
down sinks/drains, water conservation, to reduce/stop using detergents, chemicals, fertilizers, or 
pesticides etc. around the home or garden, to take care with rubbish disposal and to stop littering. 
 
 
 
Graph 9. Question 6b
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5.2.1.11 Involvement of Local Organizations in the Reduction of Water Pollution: Suggestions 
of how local Council can assist. 
 
Question 7b: Can you think of anything that the local Council can do to help keep your local 
creek and river water clean and healthy? 
 
Respondents did think that local Council was responsible for keeping the local creek and river 
water clean. The two most common suggestions were that Council should keep dams/lakes clean 
and to educate the public. The remaining suggestions were quite varied in nature but focused on the 
implementation and control of pollution regulations, improvement in recycling practices, greater 
restrictions on development and the control/monitoring of pollution from various industries. 
 
 
Graph 10. Question 7b
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5.2.1.12 Suggestions of other organizations and how they can assist 
 
Question 8b: Can you think of anything that other organizations can do to help you keep your 
local creek and river water clean and healthy? 
 
Approximately equal numbers of respondents could and could not think of something other 
organizations could do. Almost 15% were not sure about this issue. Of the respondents who could 
think of something, the majority suggested community clean-ups, increased community awareness 
(through education programmes) and better waste management practices (Graph 11).  
 
 
 
 
Graph 11. Question 8b
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5.2.1.13 Suggestions of organizations responsible for the environment 
 
Question 8c: Who are these other organizations? 
 
The respondents were asked to suggest organizations who could assist in maintaining their local 
creek/river (Graph 12). Community and environmental groups was the most frequent suggestion, 
followed by businesses, the general public and council. 
 
 
 
Graph 12. Question 8c
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5.3 Summary of 1996 Pre-Survey 
 
5.3.1 Gender Differences 
 
Male and female respondents equally thought that local water within the catchment was polluted. 
Slightly more males than female respondents were knowledgeable of what happened to water 
draining off their property. More females thought that their property was not affected by drainage 
from other properties. However the majority of respondents shared this opinion. 
 
Relatively more females than males agreed that there were items from their homes, yards or gardens 
that could get into their local creek. The majority of respondents that agreed with this indicated that, 
firstly detergents and then rubbish were the two major contaminants from their homes, and from 
their gardens plant material or chemicals were the most frequent suggestions. Males and females 
equally agreed that these items could result in the pollution of their local creek. However the 
majority of respondents were unable to state specific types of pollution caused. 
 
Relatively more females than males said that there were things that they could do around their 
homes to minimize the pollution of local water. 
 
There was equal concern amongst males and females about local environmental issues. The most 
frequent issues suggested included “pollution”, the “river” and “littering”. Respondents provided a 
wide range of suggestions for specific local environmental issues that were of some concern to 
them. 
 
Males and females equally thought the local council as well as other organizations share some 
responsibility in the maintenance of local waterways. The most frequent “other organization” 
suggested by respondents was “businesses” (79%). 
 
 
5.3.2 Age  
 
Younger respondents often showed a higher level of interest in and responsiveness to the 
questionnaire. Young adults (those in the 21-40 age group) emerged as being relatively more aware 
of  issues related to water quality and environmental issues in general, than other age groups. 
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Younger respondents were also the most positive group in relation to what they thought they could 
personally contribute toward protecting their local waterways.  
 
The majority of respondents in this age group said that the water from their property ran into their 
local creek/river. However a large proportion of all respondents (24%) said that they were not sure 
where this water actually went to. 
 
More than half of the respondents in the oldest age group wanted more education on environmental 
issues. This group along with the majority of respondents did not appear to be knowledgeable on 
specific activities that could be done in their homes or gardens. 
 
 
5.3.3 General Comments 
 
The questionnaire was administered in a shopping mall during the school holidays, therefore it is 
expected that a high proportion of the visitors to the mall would comprise “at home” mothers, 
young families on holiday and children of school age. Females completed 65% of the 
questionnaires that were administered. 
 
Approximately half of the respondents were concerned about local environmental issues, such as 
“pollution” (16%), the “river” (14%) and “littering” (14%). As mentioned previously a wide variety 
of other suggestions were given. 
 
Respondents said that they could think of things that they could do to help keep their local 
creek/river clean and healthy. The activities that were suggested were quite varied in nature. The 
most frequent suggestions were “don’t put waste down drains” (20%), “water conservation” (15%) 
and “don’t litter” (14%). 
 
Most respondents agreed that the local council was responsible for maintaining local  
waterways, in particular “keeping dams/lakes clean” and “educating the public” were  
the most frequent suggestions. 
 
The survey results indicate that the general public on the whole are aware of pollution of their local 
waterways and also of other environmental issues (not restricted to within the catchment). However 
the public is generally unaware of specific sources and the types of pollution caused, also they 
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appear to be unaware of the contribution from their own homes or gardens and how these items are 
transported from their homes into their local creek and waterways. 
 
The most frequent suggestions for items that could get into their local creek and effect local water 
included detergents (50%) and rubbish (25%). The majority of respondents who agreed that items 
from their home, yard or garden could get into their local creek/river were unable to suggest 
specific sources of  pollution or suggest specific types of pollution caused. The majority of 
respondents stated that “pollution” was the general effect of these items on their local creek. 
 
The majority of respondents thought that their local creek or river was not clean and healthy. 
Approximately half of these respondents based their view on the “appearance” of the creek or river. 
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5.4 Education and Community Awareness Module 
 
This section of the thesis describes the educational programme implemented within the Narellan 
Creek catchment as a component of the education module of the Narellan Creek Urban Impact 
Study commissioned Upper Nepean Catchment Management Committee (UNCMC).  The aim of 
the programme was to assess and raise levels of awareness of environmental issues within the 
catchment amongst local residents following the results of the survey reported on above.  The 
participation of citizens can complement existent legal and economic instruments, with limiting 
institutional, managerial and financial capabilities (Iizuka 2000).   Public awareness and pro-
environmental actions are important for the success environmental policy. Various studies on public 
attitudes and behaviour, including and De Young (1993) and Tietenberg (1997) have discovered the 
importance and influence of attitudes by ‘others’ in promoting pro-environmental behaviours, 
suggesting the importance of public participation to obtain effectiveness of policy. In this context, 
information and public education identified by Tietenberg and De Young becomes significant.  
According De Young (1993) and Tietenberg (1997) public information strategies such as 
educational programmes, strengthen legal and economic instruments on the environment, 
authorities of different levels and may also encourage people to participate in pro-environmental 
action by providing information on the following: 
 
1) Information on the environment to raise public awareness of general environmental issues and 
localized issues and problems; 
2) Information that explains the cause and effect linkage between public action, behaviour and 
environmental degradation, and what individuals should be doing; 
3) Information on activities executed by others; 
4) Information on current government policies, in order to demonstrate public and 
private sector participation in the process of change. 
 
 The educational programme was  based on the hypothesis that such information provided to the 
public would serve as to create the awareness of needs, awareness of environmental responsibilities, 
trust among individuals and to promote collective action, and to formulate the trust of local and 
state government together with the acceptance of policy initiatives. 
 
 
The Upper Nepean Catchment Management Committee (UNCMC) was responsible for the 
development and implementation of an educational programme within the catchment.  Prior to the 
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development and implementation of the educational programme the preliminary survey presented 
above was administered in order to assess public awareness of environmental issues within the 
catchment.  The survey was designed to establish a bench mark of public awareness and also to 
determine specific public concerns, problems and any knowledge gaps amongst the community.    
 
5.4.1 Educational Programme Key Strategies: 
 
Existing Residents: 
The main goal was to provide ongoing information to existing residents on their contributions 
towards stormwater management and catchment health.  Information on catchment management 
and environmental issues was provided by way of mail outs, the media, and community 
information boards.  Community members were invited to join a community group and to 
become directly involved in directing the project towards their needs.  The project aimed to 
facilitate the establishment of urban Landcare groups as part of an exit strategy. 
 
The strategies developed and implemented for existing residents were as follows:  
 
Year 1: 1998 
• Media exposure of the NHT grant and the project commencement was announced; 
• Regular media information on catchment management issues and the Narellan Creek 
project was provided; 
• Dissemination of information on catchment management was conducted by mail outs 
and using community notice boards; 
• Formal naming of sub-catchment creeks was undertaken; 
• A call for interest to participate in the Narellan Creek catchment community/Landcare 
group was advertised in local media; 
• The community/Landcare group formed was used as a reference source for the project; 
 
Year 2: 1999 
• Formation of the community/Landcare groups; 
• Continued media exposure, mails outs and information on notice boards; 
• Support of the community group from the Upper Nepean Catchment Management 
Committee towards achieving successful urban Landcare initiatives (projects); 
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Year 3: 2000 
• Support of the community group from the Upper Nepean Catchment Management 
Committee and /or formation of other community groups; 
• Continued media exposure, mails outs and information on notice boards. 
 
Key outcome: the level of community awareness of catchment health in the Narellan Creek was 
supported by state government agencies.  Information to community from the project facilitated 
the application of best practice community action towards improving the environmental status 
of the catchment. 
 
5.4.2 New Residents: 
The Narellan Creek catchment as an area of rapid growth also provides a unique opportunity to 
develop and implement an effective communication strategy focused on new residents in order 
to shape household practices.  Important areas related to catchment health which underpinned 
the strategy were: 
 
• Identification of the demographics of new residents; 
• Production and distribution of a new residents kit (information package); 
• Assistance was provided to developers, builders and real estate agents with the 
distribution of kits to new residents. 
 
The new residents’ kits included: 
• Discounts at local garden centres, turf farms and car wash centres; 
• Information on local plant species provided by Mount Annan Gardens. 
• Information on how to limit stormwater pollution: 
? The Hawkesbury-Nepean Catchment Management Trust’s Phosphorus 
Action Programme; 
? Waterwise; 
? Sitewise; 
? EPA Stormwater policy; 
? The Camden Council sediment and erosion control policy; 
? Stickers, fridge magnets and other materials containing details on pollution, 
useful tips and contacts. 
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At the time of the project there were no new residents’ kits which included all of the above 
information in NSW. 
 
The strategies developed and implemented for new residents were as follows:  
 
Year 1: 1998 
• Background research was conducted on existing new residents’ kits; 
• Discounts and deals with local garden centres, turf farms, car washes etc. were 
negotiated by the Upper Narellan Catchment Management Committee; 
• A prototype New Residents Kit was developed for review and approval; 
• Distribution of the New Residents Kits to builders, developers and estate agents was 
commenced; 
 
Year 2: 1999 
• Distribution of New Residents Kit continued; 
• The kits were reviewed after 12 months as part of the UWS survey; 
• The contents of the kits were modified based on outcomes of the review; 
• Follow-up material was provided to further educate new residents; 
 
 
Year 3: 2000 
• Distribution of New Residents Kit continued; 
• Representatives of the new housing developments were invited to express their interest 
and were incorporated into community groups or urban Landcare groups; 
• Ongoing sponsorships for continued distribution of kits were negotiated with key 
stakeholders. 
 
Key outcome: the education of new residents on the local catchment and to inform them of best 
practice in relation to stormwater management and minimization of pollution within the 
catchment. 
 
Developers 
Goals: were to establish and re-establish communication links with urban developers in the 
Narellan Creek catchment.  Information exchange occurred during formal and informal 
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meetings and workshops between developers and the Upper Nepean Catchment Management 
Committee.  The exchange provided an insight into developers’ attitudes in relation to the 
significance of stormwater management.  One of the key goals was to provide information to 
developers on their role in relation to project runoff from development sites, best practice 
stormwater design and dissemination of relevant information to new residents. Another major 
objective was to establish a firm commitment towards the project from this group. 
 
A focus group and follow up workshops on stormwater design and management were arranged 
to provide information on best practice to developers and builders.  The workshops and focus 
group session included Camden Council and representatives from other government agencies, in 
order to reinforce areas of jurisdiction and to support appropriate legislation for the benefit of 
the catchment. 
 
The strategies developed and implemented for developers were as follows:  
 
Year 1: 1998 
• The developers within the catchment were identified; 
• The project was introduced to developers; 
• Information on existing new residents’ kits supplied by developers was sourced and 
collected; 
• The proposed new residents’ kit to be supplied by the Upper Nepean Catchment 
Management Committee was provided; 
• The prototype of the new residents’ kits was provided to developers for approval; 
• Distribution of the new residents’ kit commenced; 
• Focus groups and workshop sessions in relation to stormwater design and management 
were arranged and conducted; 
 
Year 2: 1999 
• A commitment from developers to apply best practice in relation to stormwater 
management was secured; 
• Distribution of new residents’ kits continued; 
• Feedback on the new residents’ kits was sought from stakeholder groups; 
• Kits were modified on the basis of feedback obtained;  
• Those developers who participated in the project were formally recognized; 
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 Year 3: 2000 
• Distribution of new residents’ kits continued; 
• Ongoing sponsorship for continued distribution of kits was arranged with key 
stakeholders. 
 
Key outcomes: active support from all developers at the time of the application of best practice 
methods in stormwater and integrated catchment management. Continuation of the ‘catchment 
friendly’ new residents’ kit. 
 
Builders 
Goals: the activities of builders on development sites have a major impact on water run-off, and 
site practices can have a major impact on water quality.  A close working relationship was 
developed with the ‘Sitewise’ programme between Camden Council and builders to promote 
best practice in relation to site management.  Industry associations such as the Master Builders 
Association (MBA) and the Housing Industry Association (HIA), and leading builders such as 
Clarendon Home, Masterton Homes etc., who have establish high standards for site 
management, were encouraged to play a leading role in the adoption of best practice.  Studies of 
site management in other areas and reports by councils (e.g. Tuggerah Council) indicated that 
site management educational programmes were effective only if penalties (fines) were applied 
to builders not adhering to council policy. 
 
Focus groups, and in particular workshops conducted on stormwater design and management 
were structured to benefit builders and developers.  The presence of other key stakeholders 
(Camden Council and other government agencies) enabled clarification of areas of 
responsibility and the legislation necessary to protect the catchment. 
 
The strategies developed and implemented for builders were as follows:  
 
Year 1: 1998 
• Builders within the catchment were identified; 
• The project was introduced to builders and project goals identified; 
• Best practice in relation to stormwater management was promoted to builders to 
facilitate adoption; 
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• The project and goals were introduced to industry associations, MBA and HIA; 
• Summaries of best practice in relation to site management were developed and 
distributed to builders; 
• Checked with Council to ensure the application of penalties to those builders not 
complying with policy requirements; 
• Builders were invited to focus group sessions and workshops on stormwater and 
catchment management;   
 
Year 2: 1999 
• Formal recognition was arranged for those builder with exemplar on-site management 
practices; 
• Workshops were arranged for on-site best management practices; 
• Continuation of council checks to ensure that penalties were being applied to those 
builders not complying with policy requirements; 
 
 
Year 3: 2000 
• Recognition/award system was applied to support continuation of best on-site 
management practices; 
• Commitment was obtained from builders for the continuation of best practice protocols 
beyond the expiry of the project. 
 
Key outcome: commitment by all builders to apply best practice in relation to sediment and 
erosion control. 
 
 
5.4.1 Businesses and Industries 
Goals: businesses and industries offer similar opportunities to residents.  The Upper Nepean 
Catchment Management Committee proposed that information kits for new businesses would 
assist with stormwater management in business and industrial areas.  Information was provided 
to facilitate business and industry recognition of their role in integrated stormwater and 
catchment management.  The EPA worked together with the Upper Nepean Catchment 
Management Committee and the Hawkesbury Nepean Catchment Management Trust to provide 
information packages (originally developed by the EPA for their ‘Solutions to Pollution’ 
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programme) for businesses throughout the catchment.  The EPA collaborated by allowed their 
information packages to be updated and re-badged with the Narellan Creek logo.  Business 
pledges, accreditation, and awards were considered as a useful means to encourage involvement 
and for the recognition of environmental achievements. Important relationships with local 
garden centres were fostered. These relations were particularly beneficial due to the significant 
community outreach already achieved by the centres.  These centres provide information on 
backyard practices and focus on reduction of nutrient loads, chemical impacts and water usage.  
Garden centres provide an effective information conduit to local community.  A brochure title 
‘Making your backyard catchment friendly’ was developed and promoted through local garden 
centres.  Garden centres are also useful in that staff can encourage clients to purchase natives, 
and draught tolerant species.   
 
The strategies developed and implemented for businesses and industries were as follows:  
  
Year 1: 1998 
• The project and its goals were introduced to businesses; 
• The EPA’s ‘Solutions to Pollution’ package was assessed; 
• Modification of the EPA’s packages and distribution to businesses; 
• Links with garden centres were made and distribution of information arranged; 
• Development of’ How to make your backyard catchment friendly’ was developed; 
 
Year 2: 1999 
• Printing and distribution of the brochure; 
• Obtain pledges from relevant businesses for the Narellan Creek catchment project; 
• Evaluate the ‘Solutions to Pollution’ kits; 
• Awards distributed to businesses who actively engaged in catchment friendly action; 
 
 
Year 3: 2000 
• Brochure distribution continued together with catchment promotions; 
• Support from council was obtained to continue awareness programmes with businesses; 
 
Key outcome: committed businesses and industries to best management practices and 
complying with Camden Council and EPA regulations. 
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5.4.2 Industry Associations 
Goals: Industries are recognized a being potentially major sources of diffuse and point source 
pollution.  The project was communicated to and support obtained from groups such as GROW 
Macarthur, the Urban Developers Institute of Australia, the Stormwater Industry Association, 
the Housing Industry Association and the Master Builders Association. 
 
The strategies developed and implemented for businesses and industries were as follows:  
  
Year 1: 1998 
• The project and its goals were introduced to relevant associations; 
• Endorsement of the project and support obtained from industry groups-pledges obtained; 
• The project was promoted by industry association workshops; 
 
Year 2: 1999 
• Information was provided to associations; 
• Industry associations provided information on best practice methods to its members; 
• Associations were approached for the continued support for the project; 
 
Year 3: 2000 
• Project information provided to associations; 
• Support from associations continued; 
• Checked back with associations for their continued support for the project. 
 
 
Key outcome: active industry association support and participation in publicizing the project 
and promotion of involvement with their members. 
 
 
 
 
5.4.3    Educational Institutions  
Universities  
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The close proximity of the University of Western Sydney to the Narellan Creek catchment 
provides a potential asset to the project.  The university was approached by the Upper Nepean 
Catchment Management Committee to promote the project and the environmental issues 
associated with catchment health through its courses.  The catchment can be studied from 
various perspectives including: physical geography, human geography, environmental 
science, chemistry, biology, sociology, engineering and planning.   
 
The University of Western Sydney (Hawkesbury) were partners in the project. 
 
5.4.3.3 Schools   
Various schools are located within the catchment and hence were targeted for involvement in 
the project.  School curricula, particularly in science, require that students develop their 
knowledge and skills in relation to the local environment. 
 
Some local schools, Elderslie and Camden High Schools, were already participating in the 
Streamwatch programme.  The programme may be integrated with the curricula and students 
may participate from both primary and high school levels.   
 
Streamwatch is a community and school education and action program that has been developed 
to raise awareness of the natural environment through testing water quality in local rivers and 
streams. The programme empowers members of the school community to protect the health of 
local waterways through their involvement in water quality monitoring.  
 
The success of Streamwatch is cooperation between Streamwatch groups, schools, community 
groups, local government, business, industry and other agencies. This ensures that everyone 
plays an important role in working together to achieve healthy waterways.  
 
The Streamwatch programme has developed two water quality test kits, the White Kit and the 
Black Kit. The White Kit was used to test basic physical parameters and has been designed to 
suit (but not limited) to primary school groups. The Black Kit was designed to suit high school 
and community groups.  
 
 
 
The standard Black and White Kits enabled groups to test the following parameters:  
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Black Kit  White Kit  
temperature  temperature  
pH  pH  
electrical conductivity  electrical conductivity  
turbidity  turbidity  
available 
phosphate  
macro invertebrate 
sampling  
dissolved oxygen  
faecal coliforms  
 
 
The strategies developed and implemented for universities and schools were as follows:  
  
Year 1: 1998 
• Further the Streamwatch programme in local schools; 
• The project was introduced to all schools within the catchment; 
• Existing educational material was examined for use in schools; 
• The project was introduced to universities and potential courses identified for potential 
catchment based projects; 
• School promotions were organized and teacher training offered; 
• A Streamwatch field day was organized; 
 
Year 2: 1999 
• Schools were approached and invited to participate in the Streamwatch programme and 
also the STRAW programme; 
• A Streamwatch field day was organized; 
• Support provided to participating university students studying the catchment; 
 
 
 
Year 3: 2000 
• Teachers were consulted in relation to how the project could be integrated into the 
school curriculum; 
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• A Streamwatch field day was organized; 
• Support provided to participating university students studying the catchment. 
 
 
Key outcomes: education on stormwater and catchment management provided to students in the 
school curricula.  Local schools participating in both the Streamwatch and STRAWs 
programmes.  University studies on the catchment supported by the Upper Nepean Catchment 
Management Committee.  Development of a young generation of residents with a working 
knowledge of local environmental issues and healthy stormwater and catchment management 
practices. 
 
Camden Council 
A key stakeholder, Camden Council is the local state government body which holds 
responsibility for the Narellan Creek catchment.  The Council’s environment, planning and 
works departments all play a crucial role in relation to managing and maintaining the health of 
the catchment.  Regulatory control of the catchment affects stakeholder activity which impacts 
upon catchment health.   
 
The Upper Nepean Catchment Management Committee was instrumental in facilitating the 
Council’s movement towards a more integrated approach to stormwater and catchment 
management.  The project enabled Upper Nepean Catchment Management Committee to 
develop its linkages with the Council and improved sharing of information.  The opening of 
communication linkages with Council enabled the Committee to stay abreast of Council’s 
proposal regarding policy change and regulatory control within the catchment.  In turn the 
Council was provided regular information on the projects outcomes. Community services, 
libraries and other bodies controlled by council provided communication links and facilitated 
distribution of information to the local community. 
 
The project supported the development of an internal assessment mechanism for the Council to 
reassess and better integrate its stormwater and catchment management strategy. 
 
 
The strategies developed and implemented for the Council were as follows:  
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Year 1: 1998 
• The project was promoted to all divisions of the Council; 
• The Committee supported greater use of the Council’s regulatory powers in relation to 
sediment and erosion control; 
• Communication linkages with all divisions of the Council were improved; 
• The Upper Nepean Catchment Management Committee supported and provided funds 
for water quality monitoring with the Council; 
• School promotions were organized and teacher training offered; 
• A workshop on stormwater and catchment management was sponsored through the 
Council. 
 
Year 2: 1999 
• The Committee supported Council with the preparation of a Stormwater Management 
Plan; 
• The Committee maintained checks on the water quantity and quality monitoring being 
run by the Council; 
• The Committee promoted and integrated approach to catchment management between 
the EPA, DLWC, the Council and developers; 
 
Year 3: 2000 
• The Committee maintained checks on the water quantity and quality monitoring being 
run by the Council. 
 
 
Key outcomes: the successful implementation of a revised stormwater management plan by the 
Council.  Information on the catchment and environmental issues was shared amongst all 
council departments.  A commitment to best practice in the management of the catchment by the 
Council, and regulation of sediment and erosion control. 
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State Government Agencies 
A key goal of the project was to integrate the activities of government agencies such as the 
Environmental Protection Agency, the Department of Land and Water Conservation with the 
activities of the Hawkesbury-Nepean Catchment Management Trust, the Upper Nepean 
Catchment Management Committee, community and other groups within the catchment.  At the 
conclusion of the project it was envisaged that the EPA and the DLWC would maintain and 
integrated involvement in the Narellan Creek catchment. 
 
The strategies developed and implemented for government agencies were as follows:  
  
Year 1: 1998 
• The Committee was instrumental in achieving an agreement between the EPA, DLWC 
and the Council on water quantity and quality monitoring within the catchment; 
• Advice on monitoring studies conducted within the catchment was obtained from 
agencies; 
• Agencies were provided with information on water quantity and quality monitoring data. 
• The EPA was approached for use of their “Solutions to Pollutions’ kit for developers 
and builders; 
• Agencies were invited to participate in the project and become involved in the Narellan 
Creek steering committees; 
 
Year 2: 1999 
• The Upper Nepean Catchment Management Committee supported the participation of 
agencies on the steering committees dealing with local environmental issues within the 
catchment; 
• Information on water quality and quality monitoring studies was provided to agencies; 
 
Year 3: 2000 
• The Committee ensured that the EPA, the DLWC and the Council were equipped to 
continue with an integrated approach to catchment management at the completion of the 
project. 
 
Key Outcome:  alignment of aim and objectives between the relevant government agencies with 
those of the Upper Nepean Catchment management Committee. 
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Community and Environmental groups 
The project enabled community group formation both at an advisory and urban Landcare levels.  
Existing environmental groups were advised of the project and their participation sought as an 
advisory and/or community steering group.  The Mount Annan Botanic Gardens staff were 
identified as an important group for educational information and as a channel for the promotion 
of the catchment. 
 
The strategies developed and implemented for community and environmental groups were as 
follows:  
  
Year 1: 1998 
• Existing environmental groups were identified and invited to participate in the project; 
• Advice was sought from community and environmental groups in relation to 
environmental issues and their participation sought in relation to catchment decision 
making; 
• Information was gathered from groups on catchment health issues; 
• Information was provided to groups by the Committee on best practice in relation to 
catchment health;  
• The Committee supported the formation of a community advisory group for the 
catchment; 
 
Year 2: 1999 
• The Committee supported the formation of urban Landcare groups; 
• Community involvement was encouraged with the on ground projects; 
• Projects were promoted through the existing community and environmental groups; 
 
Year 3: 2000 
• The Committee provided assistance to groups with applications for funding for Landcare 
projects; 
• Invitations for continued community involvement with the projects; 
• The Committee sought agreement from partner groups to continue with their 
involvement in catchment education. 
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Key outcomes: working relationships were developed between the Upper Nepean Catchment 
management Committee and environmental and community groups.   
 
 
Media 
Support and involvement of the media was sought for the duration of the project.  The 
Committee identified print media to be the most useful medium for maximum community reach 
regarding local catchment issues. 
 
The strategies developed and implemented for the media were as follows:  
  
Year 1: 1998 
• The project was introduced to local print media; 
• Links were formed by the committee with key media representatives; 
• The Committee arranged regular articles providing information on the catchment and 
environmental issue for print by the local media; 
 
Year 2: 1999 
• The Committee maintained a regular media source for the dissemination of information; 
• Contact with key media representatives was maintained; 
 
Year 3: 2000 
• The Committee maintained a regular media source for the dissemination of information; 
• Contact with key media representatives was maintained. 
 
Key outcomes: ongoing media interest on the project and its outcomes was achieved by regular 
reporting of the project milestones.  Local media provided a means of maintaining public 
interest in relation to catchment health. 
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5.5 Post Community Educational Programme Implementation: Narellan Community 
Awareness Survey, April 2001. 
 
5.5.1 Background  
 
With growing residential urbanization in the Narellan district in the 1990’s the Hawkesbury Nepean 
Catchment Management Trust commenced an Urban Impact Study in 1996, which resulted in a 5 
year long local community education and awareness program coupled with local water quality 
studies. Much of this work was funded through the Federal Government’s Natural Heritage Trust 
(NHT) Program.  
 
The 2001 Narellan Community Awareness Survey was undertaken in April at the Narellan Town 
Centre with 413 local respondents. This survey replicated the initial 1996 benchmark community 
survey which had 410 local respondents undertaken at the same venue, the same time of year, using 
the same survey template and methodology.  
 
The objective of the survey was to assess changes in the level of awareness of residents in the 
Narellan Creek catchment to issues related to water quality in the local creeks and waterways, in 
particular in the wake of the education programme reported on above.  
 
 
5.5.2 Survey Sample 
 
All survey respondents were approached within the Narellan Town Centre during the Easter period 
in April 2001. Almost half of the all respondents surveyed (i.e. 44%) were residents of the suburbs 
of either Narellan or Narellan Vale which are the suburbs closest to the Narellan Town Centre. This 
proportion is similar to the proportion that was identified in the 1996 survey.  
 
However in the 2001 survey nearly double the proportion of residents came from Currans Hill (up 
from 7.5% to 13%) and Harrington Park (up from 4.5% to 14.3%) reflecting the significant influx 
of residents in these new suburbs since 1996.  
 
Of those surveyed 57% were female and 43% male. As with the 1996 survey, the majority of the 
respondents fell in the 20 to 39 years age group (40%), with 36% in the 40 to 59 years age group. 
Only 8% were under 20, and only 16% were over 60.  
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5.5.3 Survey Results 
5.5.3.1 Understanding the link between rainwater, stormwater and the local river 
 
Three quarters of those surveyed in 2001 (i.e. 75%) knew that the rainwater that running off their 
property entered stormwater drains. This was a 10% increase from those who answered this same 
question in 1996 (which only 68%).  
 
There appeared to be some increase in knowledge than that reported statewide in the NSW EPA’s 
research Who Cares About the Environment 2000. According to the EPA’s findings there was no 
change between 1997 and 2000 in the ability of the community to correctly answer the question 
relating to where stormwater goes. 
 
When Narellan Town Centre respondents were asked ‘Where do you think the rainwater in the 
stormwater drains might go next?’ 61% identified rivers or creeks. This was a small increase of 
40% to those that identified rivers or creek back in 1996 (i.e. 43.5%).  
 
Also, twice the number of respondents identified their local dam or lake (up from 5.4% to 11%) as 
compared with the 1996 response.  
 
There was also a significant decrease in the number of people who said they were not sure where 
the rainwater in the stormwater drains might go next (i.e. a decrease from 23.5% to 19%).  
 
 
5.5.3.2 Understanding of the impact of home and garden on the local creek 
 
There was a significant increase in the number of respondents who were able to identify specific 
materials or actions that would have an impact on the local creek. For instance plants (an increase 
of 65%, up from 29% to 48%) and chemicals (a 100% increase, up from 23% to 47%) can end up in 
the local creek from their home or garden.  
 
 
5.5.3.3 Is the River a local environmental issue? 
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There was a doubling (i.e. a 100% increase) in the proportion of respondents who identified the 
river as a local environmental issue (up from 13% to 27%). Littering was the next most noted local 
environmental issue (which was a 100% increase up from 13% to 25%).  
 
There was approximately a 10% increase in the number of respondents who said that they could 
think of things they could personally undertake to help keep their local creek and river clean and 
healthy (which was an increase from 70% to 77%).  
 
There was a significant increase in the number of people who identified the action of not putting 
anything down the drains (which was an increase from 20% in 1996 to 52% in 2001). However the 
survey did not distinguish which sort of drains, i.e. stormwater drains in the gutter versus the drains 
from the kitchen sink for example. 
 
There was also a significant  increase (an increase in 340%) in the proportion of respondents who 
identified the action of being careful with the use of chemicals (up from 7% to 31%).  
 
 
5.5.3.4 Is there an understanding that the local council can do things to keep the local creek 
and river clean and healthy? 
 
In the 2001 survey 76% said that they could think of actions that their local council could be doing.  
These actions included the following: 
• Keep dams and lakes clean, including arranging Clean Up Days 31% (which was the same 
value as that indicated in 1996); 
• Educating the public 24% (which was an 83% increase from a value of 14% indicated in 1996); 
• Pollution regulation and monitoring 18% (which was more than double the value of 7.7% 
indicated in 1996); 
• Maintain parks and mowing more often 10% (which was double the value of 5% previously 
indicated in 1996). 
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5.5.3.5 Additional Questions: Coverage of the Messages promoted by the Narellan Creek 
Project 
 
Of all those surveyed in this 2001 survey, 47% said they had seen events or materials promoting the 
caring for Narellan Creek. The list of events and materials that were noted as follows: 
• Local paper 33% 
• Display at Narellan Town Centre 29% 
• Pamphlets, brochures and leaflets 22% 
• Fliers in the mailbox 10% 
• Signs 11% 
• Clean Up Day 8% 
• Council brochure 6% 
• Give away native plants 6% 
• Cross Creek Community Day and Creek walk 7%.  
 
Articles in  the local paper rated most highly as a source of local environmental information and 
awareness raising. The Upper Nepean Catchment Management Committee and the Hawkesbury 
Nepean Catchment Management Trust has had a good rapport with the local paper editor and ran a 
regular weekly article “River Watch” in the local Camden Wollondilly Advertiser.  
 
 
5.5.3.5.1 Rating of Personal Values  
 
All the respondents were asked to rate various aspects of the waterway in terms of the value it has 
to them. Surprisingly, many of the more “environmental” values were rated more highly than other 
more tangible values such as property values and views, also swimming and boating were rated 
quite low.   
 
A summary of results of this community rating in order of value follows: 
 
1. Public health and safety (highest value); 
2. Animals, plants, and micro-organisms naturally in the water (i.e. aquatic ecosystems); 
3. Wildlife in the vicinity of the water; 
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4. Animals, plants, and micro-organisms naturally around the water’s edge (i.e. riparian 
ecosystems); 
5. Bushland; 
6. Re-using rainwater; 
7. Passive recreation like picnics beside the water; 
8. Salinity as it impacts on waterways; 
9. Property values; 
10. Views provided by the waterway; 
11. Access to the waterway; 
12. Agriculture; 
13. Human consumption of products of waterways such as fish; 
14. Irrigation; 
15. Swimming and other recreation in the waterway; 
16. Boating and other passive recreation on the waterway (the lowest rated value).  
 
 
5.5.4 Summary of Main Findings of 2001 Post-Survey 
The findings indicated that in 2001 there was a much greater level of awareness in the local 
Narellan community of the impacts of their actions on the water quality in Narellan Creek and the 
Nepean River than compared with 1996.  
This was demonstrated by: 
• An increase in 10% of respondents who knew where rainwater run off from their 
property goes; 
• An increase in 40% of respondents who could identify the river or creek as where the 
stormwater drains go next, and twice the previous number identify the local dam or 
lake; 
• There was a significant increase in the number of respondents who could identify  
materials around house and garden that were likely to pollute the local creek or river, 
including plant clippings and household chemicals;  
• There was a significant increase in the proportion of respondents who were able to 
recognize that educating the public and the value of pollution regulation and 
monitoring in keeping the local creek and river healthy.  
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It appeared that the level of awareness raised in the Narellan area during the period 1996 to 2001 
was greater than that identified generally across NSW by the EPA for approximately the same 
period of time (refer EPA, 2000).  
 
5.6 Discussion 
5.6.1 Integration and participation: Participatory and Educational-Based Approaches to 
Achieve Constructive Behavioural Change for Environmental Management 
Changing perceptions of the environment, shifts in societal goals and expectations, and the 
emergence of the concept of ecological sustainable development contribute to the complex nature of 
environmental issues, which are multiple faceted and may be viewed with multi-perspectives. 
Views of sustainable natural resource management are characterised by the complexity of issues 
that need to be resolved, information and knowledge sharing and stakeholders to change their views 
(Bawden, Macadam, Packham and Valentine, 1984). This requires an approach that can deal with 
‘soft systems’, ‘in which objectives are hard to define, decision-taking is uncertain, measures of 
performance are at best qualitative and human behaviour is irrational’ (Checkland,1981). 
 
As previously mentioned there has been a shift from expert oriented, or scientific/ discipline 
specific approaches to environmental management  to an increased interest in the application of  
‘collaborative’ or multi-stakeholder processes that facilitate the wide involvement of individuals, 
groups and organisations in problem solving and decision making with respect to issues and plans 
that involve or affect them. These processes also provide an acknowledgement that decisions 
related to sustainable land use practices will be dependent on the coordinated actions of land 
managers and agencies, who in turn must act within the confines of a wider regulatory framework 
imposed by the community at large. The key to their success is that the probability of commitment 
to, and adoption of, changed practices is likely to be higher because all stakeholders have designed 
the solutions, and have knowledge and understanding of the systems and how they work. 
 
Furthermore, experience has revealed the limitations of singular policy responses, and greater 
understanding of human behaviour processes reveals the importance of contextual-based learning in 
real life settings. Ölander & Thøgersen (1995) outline two fundamental flaws with the ‘simple’ 
approach of expert goal setting in environmental policy and the use of regulation and incentives to 
achieve these goals. First, goals predetermined by authorities about specific, well-defined acts, such 
as minimizing waste entering drainage systems, may results in problems where the public may 
believe that they have limited scope of action or action that may results in any significant impact 
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upon systems.  Generally education or regulatory campaigns are aimed at changing behaviours of 
individuals affected by the problem, rather than addressing the root cause of the issue.   
 
Survey results indicate that the general public recognise and value the role of various organizations 
in the management of natural resources within catchment and for active management of the 
environment for which they are responsible.  Hence strategies underpinning educational 
programmes or regulatory campaigns need to be broadened and developed to include all stakeholder 
groups, as important agents whose actions contribute towards achieving effective sustainable 
management of natural resources. 
 
 
5.6.2 The Educational Programme: An Approach designed to Achieve Behavioural Change 
 
Underpinning the educational programme where 3 principle tenets: motivation, information, and 
education, which are integral to environmental policy development because of the major 
contribution they can make in reinforcing and making more effective each of the other mechanisms. 
If people are persuaded that their actions around their home, such as minimising household waste in 
drainage systems and washing cars on lawns etc.,  is worthwhile, they are more likely to respond 
positively to a range of instruments: voluntary, regulatory, and economic. As Young, Gunningham, 
Elix,  Lambert,  Howard,  Grabosky,  and McCrone (1996) point out, prospects for changing 
behaviour will always be greater ‘if direct regulatory approaches are overlain with a web of 
mechanisms that create a financially attractive and voluntary atmosphere that encourages 
cooperation and the sharing of information’.  
 
Whatever mechanisms are ultimately preferred, Young et al. (1996) argue that their selection, 
modification, and application are increasingly likely to be a process thoroughly negotiated with the 
concerned communities. Consequently, environmental policy itself has come to be seen as a 
learning process where the interaction between policy makers and stakeholders is as important as 
the rules themselves. 
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Fig. 20 Mechanisms to support behaviour change (adapted from Young et al., 1996) 
 
Consequently, environmental policy making can be seen as a negotiated learning process. The 
education programme developed by the Trust and the UNCMC was based upon the principle that to 
change human behaviour the best approach is to work closely with the community and open 
channels for dialogue and information exchange. Collaborative approaches that make participation 
are likely to achieve positive results as evidence by the results in the post survey, specifically the 
reported positive changes around the home that minimize impacts upon the environment. 
Participatory and learning-based approaches to policy making and management help develop a 
common understanding of environmental problems and are an adaptive process in which 
technologies and behaviours are continuingly reviewed and fine-tuned (Young et al., 1996). 
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Chapter 6: Conclusion and Recommendations 
 
6.1  Proposed Future Monitoring and Analysis 
Narellan Creek catchment during the period of study, presently, and will in the future, undergo a 
major change in landuse patterns from agricultural to urban. In order to determine the impact of 
urbanisation, the following strategies would be appropriate: 
 
1. Regular monitoring of physico-chemical variables; 
2. Biological measurements; 
3. Measurements of loads; 
4. All three above. 
 
Regular monitoring of physico-chemical variables will provide sufficient data for statistical 
analysis of the impact of urbanization, to identify trends and differences. Routine sampling 
should take place by both experts and the community. Data gathered by scientific consultants 
and analysed in NATA accredited laboratories is of high quality. However, the quality of data 
collected by community monitoring programmes is of a lesser standard, as the analytical 
methodologies and detection limits, and sampling procedures, may lack consistency and may not 
be adequately quality controlled.  
 
Data gathered by the community may not suitable for detailed analysis, however the 
establishment of a sense of ownership of the local creek system within the community may 
result in other benefits: 
 
• As much of the pollution within the creek system originates from anthropogenic sources, any 
positive changes in community attitudes to the local creek system may result in improvements 
in water quality through better practices; 
 
• Periodic problems such as algal blooms, oil slicks, fish kills and other irregularities are 
more likely to be noticed by people seeing the creek on a daily basis; 
 
• Behavioural changes and changes in practices may results from a community sense of 
ownership. 
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 Much of the impact of urban development occurs during storm events, when exposed 
soils are easily eroded and washed into the waterway, the assessment of water quality in 
wet weather is vital. The extent of erosion and surface runoff is likely to be of significance 
within the Narellan Creek catchment due to the relatively rapid change in land use and 
extent of urban development.  In many cases, wet weather monitoring focuses on obtaining 
pollutant loads and involves the use of an automatic sampler and the measurement of stream 
height / flow.  To date, monitoring of pollutant loads has occurred at four locations in 
Narellan Creek; at Lake Annan inflow and outflow, at Smeaton Grange and at Northern 
Road. While only streamflow data had been collected at Kirkham Lane until 1996, the 
measurement of pollutant loads at this site would enable a reasonable estimate of the total 
pollutant loads being exported from the Narellan Creek catchment to be determined, as this site 
is located furthest downstream. 
 
Pollutant loadings from Narellan Creek into the Nepean River would be desirable information to 
obtain. However, comparing pollutant loads between storm events and between years is 
difficult as the magnitude of the load is in part dependant on the volume of water discharged 
over the period. For example, the pollutant load from one year may be twice that of the year 
before, not because of poorer water quality, but simply because of higher annual rainfall. 
Even when comparing loads from events with similar total volumes, factors such as the 
duration of the event, rainfall intensity and the number of dry days preceding the event will 
influence the pollutant load. 
 
Monitoring of Narellan Creek and a reference site such as an adjoining catchment with 
stable landuse (fully developed or preferably, with landuse similar to the predevelopment 
conditions in Narellan Creek) is a solution to this problem. If the ratio of pollutant loads 
between the two catchments on an event basis does not change, then it can be assumed that 
water quality in Narellan Creek is not deteriorating. 
 
With or without monitoring of pollutant loads, it is important to obtain wet weather grab 
samples throughout the Narellan Creek system and in the Hawkesbury-Nepean River upstream 
and downstream of the confluence with Narellan Creek during storm events in order to 
determine the changes in pollutant levels between wet and dry weather. 
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In order to gain an understanding and measurement of the impacts of urban development on the 
health of the creek, biological monitoring is required. Biological measurements can be 
undertaken at different trophic levels. The possible options to assess ecosystem health 
include measurement of different biotic groups. These include: macroinvertebrates, fish, 
plankton, benthic diatoms, frogs, macrophytes and the riparian vegetation. Monitoring could 
be conducted both by professional biologists and local community members. 
 
The extent of community and other stakeholders awareness and knowledge of environmental 
factors should be gauged in order to monitor changes in awareness, attitude and behavioural 
changes.  Such an evaluation will enable catchment management authorities to develop and 
implement appropriate strategies directed at raising awareness of significant environmental 
factors within the catchment.  It is widely recognized that environmental education can have a 
major impact in raising community awareness of anthropogenic impacts on natural ecosystem. 
Hence environmental education programmes provide a mechanism to support positive 
behavioural changes focussed on protecting the environment in a sustainable manner. 
 
For a fully integrated monitoring program to assess the impact of urbanisation and to meet the 
objectives, all of these broad options are required. 
 
6.2 Preferred Option for Future Assessment of Impact of Urbanisation 
Narellan Creek is a tributary of the Upper Nepean River and its catchment is in one of the 
fastest growing areas of the Hawkesbury-Nepean catchment. The catchment is in the 
Camden Council area and is presently, and will in the future, undergo a major change in 
landuse patterns from agricultural to urbanisation. This urbanisation is likely to have a 
major impact on the local hydrology of streams and in changed water quality run-off patterns. 
 
In the areas of the catchment where urbanisation has occurred, water quality control ponds 
have been constructed to both reduce flood peaks and improve water quality entering the creek 
and the Nepean River. The effectiveness and management of these ponds will be vital to the 
overall impact urban development has on natural stream systems. 
 
In light of the increased urbanisation occurring in the Narellan Creek catchment, an evaluation of 
existing water quality and flow information of the Narellan Creek catchment should be 
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undertaken. Suitable objectives in relation to increasing urbanisation of the Narellan Creek 
catchment are as follows: 
 
Proposed Objectives 
1. To assess the impact of Narellan Creek on the Nepean River in terms of water quality over 
a minimum period of five years during continuing  phases of urbanisation; 
2. To assess the impact of increasing urbanisation of Narellan Creek catchment on water quality, 
flows and ecosystem health on Narellan Creek; 
3. To determine effectiveness of pollution mitigation measures. 
 
6.3 Monitoring, Sampling Frequency and Methodology  
The recommended work to be done at each site and the purpose of the recommended sampling 
regime is summarized for each site in Figure 21. 
 
The wide variation in water quality data in Narellan Creek from Camden Council monitoring 
indicates that monthly sampling is insufficient to resolve trends through time and 
differences between sites. It is therefore recommended that fortnightly replicate grab samples 
be collected during dry weather at each site. The data collected could be analysed at the end of 
each year to determine whether the sampling interval needs to be amended (either more or less 
frequent sampling).  
 
To ensure that the data is comparable through time and between monitoring programs, it is 
highly recommended that the same laboratory be used for all analysis or that inter-
laboratory trials be conducted to assess variability between laboratories. 
 
 
6.3.1 Data Storage and Access 
After analysing samples, the data should be collated and entered into a database by the 
consulting firm and provision made for community access to the data. This can occur via the 
creation of an additional informational database to be held at Camden Council and other local 
government agencies, which would allow easier access for the community. The provision of a 
quarterly or biannual bulletin would be beneficial for the dissemination of information to all 
stakeholders. 
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 Analysis and reporting of this information would allow statistical analysis of the data and 
programme modified accordingly.  The information could then be incorporated in water 
quality management and catchment management strategies. 
 
Community-based monitoring would enable a sense of ownership to be developed within the 
community. The community would be a significant factor in the continuous monitoring of  
the creek system on a regular basis through programs such as Streamwatch or qualitative 
measurements such as regular visual inspections noting conditions of the waterway. This 
would be of importance for the detection of incidents such as chemical spills which can have 
immediate detrimental effects on water quality. The community could be encouraged by the 
support of local government agencies to sample and analyse these events with Streamwatch 
equipment if they occur. 
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 6.3.2 Biological Sampling 
A formal macroinvertebrate monitoring program for Narellan Creek would need to be 
established in order to determine the impact of urban development on fauna. A qualitative 
sampling program using rapid assessment techniques would be appropriate. Samples should be 
collected at least twice a year during autumn and spring because different species are likely to 
occur at different times of the year. The macroinvertebrate fauna should be identified at least to 
genus level. Previous studies in urban streams in Sydney suggest that genus level 
identification is the most cost effective method. Appropriate reference sites should also be 
selected for comparison and they should not be confounded by other impacts and compared 
to appropriate reference sites. Sites should be located upstream and down stream of urban 
development, and within the Nepean River. Each site groupings should include at least 4 
sites. Nearby creek systems (e.g. Bringelly Creek) could also be considered as reference 
sites, if insufficient non-urban streams are present in the Narellan Creek catchment. 
Comparison streams should have a similar altitude, stream size, geology, topography to the 
non-urban sections of Narellan Creek, because many of these attributes can influence the 
distribution of aquatic macroinvertebrates as much as water quality.  However, 
macroinvertebrates alone do not provide an overall assessment of stream condition. In order to 
do this, other biological communities could be investigated. 
 
Findings from this program could be reported to the public. Information and education 
days could be conducted, including field trips which will provide the public with a practical 
experience.  
 
6.4 Managing for the Future 
In order to address current adverse environmental impacts within the catchment any management 
system needs to focus on the development and implementation of improved management plans 
that incorporate an iterative process of planning, monitoring, reporting and revising.  Greater 
priority should be given to the preparation, review and implementation of management plans, 
especially in light of the predicted increasing residential and commercial development within the 
catchment. 
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It is recommended that formation of a local institution under the auspices of State government, 
together with the local council responsible for tracking changing environmental conditions would 
be of great significance towards achieving sustainable environmental management practices.  
Such an institutional body would be able to use data gathered as a basis for reviewing and 
revising management practices to meet goals and objectives and also to report the community.  
This role was previously filled by the Hawkesbury Nepean Catchment Management Trust, which 
was created under the Catchment Management Act, and which began operating in 1993. 
 
Underpinning the planning stage is the availability of detailed and accurate information on all 
aspects of the natural resources within the catchment, together with developmental changes and 
their impacts.  Unfortunately with the demise of the Hawkesbury Nepean Catchment Trust and its 
sub-catchment management committees there no longer exists a local institutional body which is 
responsible for regular monitoring and assessment of the environment or resource management 
within the catchment.   
 
The current level of information on the state of the environment within catchment is low.  
Without such basic detailed information the setting of conservation goals and objectives becomes 
problematic, and the setting of limits to ensure ecological integrity and sustainability of resources 
difficult to ascertain. 
 
More applied research and surveys are required to address gaps in knowledge and understanding 
of the state of the catchment.  As the coordination and gathering of research data is a slow 
process this needs to be planned as a matter of priority. 
 
Knowledge about biota, ecosystems, the state and quality of the creeks and rivers and 
environmental processes needs to be increased, as does the impacts of the built environment 
within the catchment.  Social research is also needed to determine levels of recreational activities, 
visitors’ attitudes, behaviour patterns of residents and visitors, perceptions about needs and levels 
of satisfaction in order to inform management policies and practices. 
 
Adequate funding of research is also a priority and collaborative projects with tertiary 
institutions, industry, State and local government authorities, special interest community groups, 
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need to be supported as they were previously by the Hawkesbury Nepean Catchment 
Management Trust. 
 
Basic data on the state of the environment within the catchment is essential to enable effective 
strategic planning in order to meet specific goals and objectives towards the sustainable 
management of catchment resources are feasible.   
 
Systematic monitoring of the ecosystems, biodiversity, rivers and creeks will allow the evaluation 
of changes over time.  Rapid survey techniques could be used to monitor and assess ecosystems 
and the impacts of development and recreational activities within the catchment.  Such 
monitoring would clearly assist in developing further understanding of ways to ensure the 
maintenance and integrity of creeks, rivers and ecosystems. 
 
Longitudinal studies could provide a basis for strategic planning, by providing information on 
trends in data from environmental indicators.  An evaluation of the effectiveness of responses in 
meeting objectives of a management plan, and specifically those relating to ecological 
sustainability and integrity would enable recommendations to be made on how better to meet the 
objectives. 
 
This thesis documented a scientific monitoring and education programme conducted by the 
Hawkesbury Nepean Catchment Management Trust.  The Trust had been established under State 
legislature, and was very much formed within the growing trend in holistic approaches to 
catchment management, as identified in the literature review. The Trust’s holistic approach to 
catchment management represented a shift toward participative community based catchment 
management programmes.   
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The research conducted by the researcher and reported on in this thesis indicated that during the 
period of study, 1996 to 2001, the Narellan Creek catchment was under considerable stress, and 
that there was considerable community concern as to the state of the local waterways and 
environment in general.  The research also revealed low levels of knowledge on the 
environmental amongst the local community.  The broad-based, multi-stakeholder education 
programme developed from the participatory action research, survey research, focus groups, 
workshops and interviews was successful in providing a detailed insight into: 
 
1. The nature of the environmental issues within the catchment; 
2. Community awareness and attitudes of environmental issues within the catchment; 
3. Historical and other relevant background information on the Hawkesbury Nepean and 
Narellan Creek catchments; 
4. Information on key stakeholders within the catchment; 
5. Information on the relevant legislation, policies and regulations applicable to natural 
resource and catchment management. 
 
The post-education survey indicated increased levels of environmental awareness and knowledge 
among the community. Some of this social learning may be attributed to the activities of the 
Trust, however some of this learning may have been a result of other factors. Nevertheless the 
work of the Trust was undoubtedly effective in monitoring, education, generating stakeholder 
identification with the catchment, and in changing practices, behaviours and community attitudes. 
In short the emergence of best practice necessitates a paradigm shift by catchment management 
authorities towards an integrated, more holistic approach to catchment management than the 
more traditional approaches, which were fragmented according to specific environmental issues 
and disciplines of study. 
 
Subsequent to the abolition of the Trust, the pressures on the catchment have only increased, and 
under the Sydney metropolitan Growth Strategy in which Camden is set to undergo dramatic 
development over the next two decades the pressures will continue to increase.  At the same time, 
since the abolition of the Trust, anecdotal evidence as reported in local media reflects growing 
community concern on the state of the waterways within the catchments, and real widespread 
anger in relation to the State government’s apparent ad hoc decisions and lack of responsiveness 
in relation to protection of the catchment.  The general perception held by the community is that 
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the State government’s paramount concern is to protect the economic interests of those whose 
actions put the most stress on the catchment. 
 
Only when a visible management system is operating will the community have confidence in any 
government institutional body charged with managing the catchment in an efficient and effective 
way.  Community confidence will also be raised if knowledge of the state of natural resources 
within the catchment is available for high quality catchment management to ensure ecological 
sustainability and integrity is achieved for the benefit of future generations. 
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GLOSSARY 
2001 ANZECC Guidelines: 
Australian Waters Quality Guidelines for Fresh and Marine Waters, National Water Quality 
Management Strategy, Australian and New Zealand Environment and Conservation Council, 
Canberra.  
Aboriginal Heritage: 
includes places which show evidence of Aboriginal occupation, as well as places which are of 
contemporary, spiritual or mythological importance according to Aboriginal culture or custom, 
but which contain no physical remains.  
Acid Sulfate Soils: 
Acid sulphate soil is the common name given to soils containing iron sulphides or their oxidation 
products. They occur in low-lying coastal areas.  
Algal blooms 
A sudden proliferation of microscopic algae in water bodies stimulated by the input of nutrients 
such as phosphorus     
Aquifer or Groundwater system: 
Water that is held in the ground and moves slowly through pores in sediment, cracks and 
fractures in rocks. It interacts with the environment through intercepting the surface and forming 
wetlands, springs and baseline river flows.  
Bed Lowering: 
Is the process by which a stream is eroded to a new lower level at a much faster rate than occurs 
naturally. This process can cause extreme bank erosion.  
Biodiversity and Habitat: 
Because it is so difficult to measure biodiversity and habitat quality, it is often appropriate to 
measure a range of specific values, which can act as surrogates for total quality. These surrogates 
may include areas under native vegetation, length of waterways with native vegetation and 
species diversity of individual site in comparison to total ecosystem diversity.  
Biophysical Capabilities: 
Refers to the capacity of the landscape and its components to be utilized without compromising 
its function.  
Biophysical Processes: 
In this sense refers to natural processes that form the landscape such as weathering from water 
erosion.  
Buffer Zones: 
An area of vegetated land between an area of activity (for example an urban area) and a drainage 
line creek or river. An adequate buffer zone would be 50 meters on main rivers and 20 meters on 
other streams.  
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CANRI: 
Is the acronym for the "Community Access to Natural Resources Information" database. This 
database brings together key environmental information from NSW Government agencies and 
other organizations. Located at:  http://www.canri.nsw.gov.au/  
Channelisation: 
includes the lining or alteration of watercourses and associated loss of vegetation and other 
habitat capacity. Lining or alterations of the watercourse may incorporate materials such as 
concrete or other non-porous materials including concrete inverts or low flow pipes with grass 
swales, reno mattresses and gabion lining.  
Culture: 
pertaining to a society, its traditions, customs and way of life.  
Cumulative Impact: 
Cumulative impact refers to the total effect of many small impacts. As an example, uncontrolled 
sediment coming from one building site might not have a major impact upon waterways, but in 
rapidly developing areas, the sediment coming from hundreds of building sites has a significant 
impact on stream quality.  
Decision Support System: 
Decision Support Systems (DSS) the user to make fast, responsive decisions based on all the 
necessary information. A DSS is often a tool specifically developed to assist management 
decisions by simplifying the assimilation and correct interpretation of data.  
Ecologically Sustainable Development: 
(ESD) this concept was developed in order to meet the needs of the present without 
compromising the ability of future generations to meet their own needs. The integration of 
economic and environmental considerations in decision making is central to this concept.  
Ecosystems (or Ecological Systems): 
are collections of organisms (plants, animals, fungi and micro-organisms) and their associated 
non-living environment (the soil, geology, water and air) interacting as a unit.  
Environmental Flows: 
the amount of water (flowing) that is critical to maintain the health of aquatic ecosystems.  
Environmental Values: 
In this instance refers to the importance that both the scientific community and the community in 
general place on the environment.  
Extension: 
Extension refers to increasing the size or area of remnant ecosystems, within their original range.   
Greenfields: 
Greenfield developments are large sites where houses are built on land that was formerly 'green 
fields' (i.e. rural land). Greenfield developments can also be categorized by new housing 
proposed on major land holdings that were formerly used for other purposes (e.g. industrial, 
commercial or extraction).  
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Habitat Connectivity: 
Habitats that are joined together as much as possible enables fauna to freely traverse the 
landscape. This assists species to breed outside of their immediate family groups, maintaining 
genetic integrity.  
Habitat Improvement: 
Habitat improvement includes such activities as bush regeneration, revegetation, increasing 
connectivity (creation of corridors), creation of buffer zones, weeding and reintroduction of 
species.  
Heritage: 
Consists of natural and moveable heritage.  
Natural – encompasses natural ecosystems, geological sites, significant trees and modified 
landscapes and parks;  
Moveable - ranges from significant everyday objects to antiques and may be a single item, a 
group of items or a whole collection e.g. fossils, furniture, machinery or religious ceremonial 
objects.  
High Hazard Areas: 
Where there is a known landscape limitation with a high risk of either environmental degradation 
or damage to the proposed works/building as a result of inappropriate land use, these areas are 
considered high hazard areas.  
High Significance: 
Significance assessment looks at factors such as ecosystem quality, size of remnants, 
connectivity, presence of rare species, proximity to limit of ecosystem's range and area left of an 
ecosystem within a region.  
Land Capability: 
The ability of land to accept a type and intensity of use permanently, or for specified periods 
under specific management, without permanent damage. Land capability involves consideration 
of the various land resource attributes; the production to be obtained from the land; the activities 
or inputs required to achieve that production; the risks of damage to the land, on-site or off-site, 
resulting from those activities; and the inter-relations of the above.  
Land Resource Attributes: 
An individual lands resource constituent that includes physical, chemical and biological elements 
e.g. soil is a land resource attribute.  
Land Suitability: 
The potential uses of the land based upon the consideration of physical, technical and socio-
economic conditions prevailing.  
Landscape Limitations: 
Landscape limitations are landform properties that may restrict urban or rural development. The 
degree of severity of landscape limitations will vary with site conditions and the proposed land 
use.  
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Long Term Viability: 
The ability of an ecosystem, ecological community, population or species to self perpetuate or 
perpetuate through active management.  
Natural Areas: 
Areas that retain significant natural vales such as landscape and biodiversity and areas that are 
actively managed for these values.  
Natural Flows: 
A surface or groundwater flow regime that resembles the pre-European condition for surface 
water catchments in good natural condition and aquifers with a high beneficial use.  
For altered and highly altered areas, natural flow is the surface or groundwater flow regime that 
protects and enhances environmental condition, through management action that moves toward a 
healthy and sustainable catchment/aquifer (including consideration of all biophysical aspects).  
Riparian Zone: 
Defined as that component of land (including floodplains) adjacent to rivers and streams or other 
watercourses. Riparian vegetation includes emergent aquatic and semi aquatic plants as well as 
the over and understorey vegetation in the zone immediately adjacent to, or verging watercourses.  
Salinity: 
Refers to land degradation as a result of increased salt levels. Increased salt levels make it 
difficult for vegetation to survive and often leaves scalds on the landscape. High water tables due 
to land clearing are often the cause of salinity.  
Scientifically Determined Adequate: 
Determined adequate through specific study and research.  
Significantly Degraded: 
Significantly degraded refers to ecosystems that still contain most of their natural values, but are 
in danger of those values being lost.  
Third Order Stream: 
First order streams are defined as the small intermittent and/or perennial exterior streams, which 
have no tributaries. Second order streams form where two first order streams join together; Third 
order streams form where two streams of order two join, and so on. Only one stream segment is 
designated the highest order number, rather than the whole parent stream. Streams with order 
numbers 1-3 are low order streams and are often referred to as upland or headwater streams 
(Strahler as cited by Gordon et al, 1994).  
Turbidity: 
the concentration or loading of suspended particulate and colloidal matter within the water 
column.  
Watercourse: 
A river, creek, drain, channel (artificial or natural), depression, etc. which conveys water.  
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Reference:  
Gordon, N.D., McMahon, T.A. and Finlayson, B.L. 1994.   Stream Hydrology. An Introduction 
for Ecologists.  Sydney: John Wiley and Sons Pty Ltd.  
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Long-term Monitoring of the Hawkesbury-Nepean River conducted by AWT Insight 
(Sydney Water) 
 
This monitoring programme was conducted by AWT Ensight (Sydney Water) commenced in 
1983 to 1996.  The aim of the programme was to provide data for resources planning and 
assessment of the impact of Sydney Water’s operations on the water quality and river flow. 
 
Monitoring sites: 
Routine Water Quality:  Narellan Creek at Kirkham Lane 
Nepean River at Cowpasture Bridge (upstream Narellan 
Creek confluence) 
Nepean River at Macquarie Grove Road (downstream 
Narellan Creek confluence) 
 
Automatic sampling:   Nil 
 
Streamflow:    Narellan Creek at Kirkham Lane 
     Nepean River at Camden Weir 
 
Rainfall:    Lodges Road, Narellan 
     Camden Park Reservoir 
     West Camden 
 
 
 
 
Water Quality determination was based on measurement of the following parameters: 
Conductivity; temperature; dissolved oxygen; pH; turbidity; chloride; chlorophyll a; total 
phosphorus; total uncombined ammonia; oxidized nitrogen; total Kjeldahl nitrogen; total 
coliforms; faecal coliforms. 
 
Streamflow:  Water levels were measured by a gas-purge gauging equipment and 
data logged using a Hydromace data logger.  Flow and discharge 
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data was derived from these water level measurements using both 
field and theoretical ratings. 
 
Rainfall:  Measured suing an automatic tipping bucket pluviometers installed 
at each of the respective sites. Measurements were recorded at 
0.5mm increments and logged using a MACE datalogger every 5 
minutes. 
 
Data:  Held by AWT Insight in an electronic data base and Sydney Water.   
 
 
Monitoring of Nepean River and Narellan Creek by Camden Council 
 
The aim of this programme was to provide Camden Council with water quality, streamflow and 
rainfall data at various locations in Narellan Creek for the purpose of State Environment 
reporting.  Data was collected by Camden Council and Manly Hydraulics Laboratory.  The 
period of monitoring was site specific, dating from 1991 to 1996. 
 
Monitoring Sites: 
Routine Water Quality  Narellan Creek at Kirkham Lane 
     Narellan Creek at Northern Road 
     Narellan Creek at Camden Valley Way 
     Narellan Creek at Mt. Annan Drive 
Nepean River at Camden Bypass (upstream Narellan creek 
confluence) 
Nepean River at Macquarie Grove Road (downstream 
Narellan creek confluence) 
 
Automatic sampling:   Nil 
 
 
Streamflow:    Narellan Creek at Smeaton Grange 
Rainfall:    Narellan Creek at Smeaton Grange 
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     Camden Life Centre 
     Mt. Annan School 
 
Water Quality determination was based on measurement of the following parameters: 
Chemical oxygen demand; temperature; dissolved oxygen; pH; turbidity; total phosphorus; 
oxidized nitrogen (nitrite and nitrate); total Kjeldahl nitrogen; enterococci coliforms; faecal 
coliforms; salinity; suspended solids; conductivity. 
 
Equipment 
Streamflow:  Water levels were measured by a gas-purge gauging equipment and 
data logged using a Hydromace data logger.  Flow and discharge 
data was derived from these water level measurements using both 
field and theoretical ratings. 
 
Rainfall: was measured using an automatic tipping bucket pluviometers 
installed at each of the respective sites. Measurements were 
recorded in increments and logged using a datalogger. 
 
Water quality data:  Held by Camden Council. Streamflow and rainfall data by Manly 
Hydraulics. 
 
 
 
 
Harrington Park Study conducted by developers Ove Arup and Partners (developers) 
 
The aim of the programme was to provide water quality, streamflow, and rainfall data for 
modeling of water quality and quantity at Harrington Park.  Data was collected by Manly 
Hyrdraulics Laboratory and Australian Water and Coastal Studies Pty Ltd.  The period of 
monitoring was March to May 1995. 
 
Monitoring Sites: 
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Routine Water Quality:   Monitoring of the water quality was conducted on an ad hoc basis, 
with water quality data sampling undertaken at: 
 
    Narellan Creek at Camden Valley Way (baseflow one sample) 
    Narellan Creek at Northern Road ((baseflow one sample) 
Wet weather grab sampling was undertaken at eight sites within the 
Narellan Creek catchment on two occasions, 18th and 19th May 
1995. 
 
Automatic samplers: Located at Narellan Creek at Smeaton Grange (upstream of 
Camden Valley Way) and Narellan Creek at Northern Road. 
 
Stream flow:   No measurements 
Rainfall:   No measurements 
 
Water Quality determination was based on ad hoc baseflow measurements the following 
parameters: Biochemical oxygen demand; temperature; pH; turbidity; total phosphorus; total  
nitrogen; total Kjeldahl nitrogen; oxidized nitrogen; grease; lead; cadmium; suspended solids; 
total dissolved solids; conductivity. 
 
Automatic samples were used to determine total phosphorus; total Kjeldahl nitrogen; suspended 
solids; total dissolved solids. 
 
Data: Held by Manly Hydraulics Laboratory and Australian Water and 
Coastal Studies Pet. Ltd. 
 
 
Community Water Quality Monitoring Programme conducted by Streamwatch 
 
The aim of this programme was to engage and involve the community with the monitoring of 
local streams with the Narellan Creek catchment.  Data was collected by Elderslie High School 
and Camden Council. Monitoring was conducted between 1992 and 1996 and was site specific. 
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 Monitoring Sites: 
Routine Water Quality Narellan Creek at Kirkham Lane 
    Narellan Creek at Northern Road 
    Narellan Creek at Camden Valley Way 
    Narellan Creek at Mt. Annan Drive 
 
Automatic sampling:  Nil 
 
 
Stream flow:   No measurements 
Rainfall:   No measurements 
 
 
Water Quality determination was based on measurement of the following parameters: 
Chemical oxygen demand; temperature; dissolved oxygen; pH; total phosphorus; nitrates; faecal 
coliforms; biological oxygen demand. 
 
Data: Held by the Hawkesbury-Nepean Catchment Management Trust 
and Camden Council. 
 
 
Performance Evaluation of Lake Annan conducted by Sydney Water 
 
The aim of the programme was to assess the performance of the Lake Annan Water Pollution 
Control Pond in the reduction of pollutant loads and streamflow peaks during storm events.  The 
data was collected by AWT Insight from July 1994 to 1996. 
 
 
Monitoring Sites: 
Routine Water Quality:   None 
 Grab samples were collected on several occasions during dry 
weather and analyzed for faecal coliforms only. 
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 Continuous measurements of physical parameters were taken at 
inflow and outflow of Lake Annan. 
 
    Narellan Creek at Camden Valley Way (baseflow one sample) 
    Narellan Creek at Northern Road ((baseflow one sample) 
Wet weather grab sampling was undertaken at eight sites within the 
Narellan Creek catchment on two occasions, 18th and 19th May 
1995. 
 
Automatic samplers: Lake Annan Inflow 
 Lake Annan Outflow 
 
Stream flow:   No measurements 
Rainfall:   Distance weighted rainflow from four pluviometers 
 
 
Continuous Measurements of Water Quality was based on measurement of the following 
parameters: dissolved oxygen; pH; temperature; turbidity; conductivity. 
 
For Automatic Samples Water Quality determination was based on the following parameters: 
Biochemical oxygen demand; total organic carbon; total phosphorus; filterable phosphorus; total  
nitrogen; oxidized nitrogen; total uncombined ammonia; faecal coliforms suspended solids. 
 
 
Equipment: 
Automatic sampler: Water quantity samples were collected in an ISCO 3700R 
refrigerated automatic sampler, controlled by a Hydromace 2000 
datalogger.  The dataloggers were accessed remotely enabling the 
sampling programme to be viewed and modified as required. 
 
Streamflow:  Water levels were measured by gas-purging equipment and logged 
by a Hydromace 2000 datalogger. 
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Rainfall:  Automatic tipping bucket pluviometers were installed at each site.  
Rainfall was recorded at 0.5 mm increments and logged to a 
MACE datalogger every 2 minutes. 
 
Data:    Held by AWT Insight and Sydney Water. 
 
 
Long Term Monitoring of the Nepean River conducted by the Environment Protection 
Authority (EPA) 
 
The aim of the programme was to determine changes in water quality of the river system over a 
ten year period and to assess the effectiveness of the 1985 Hawkesbury-Nepean water quality 
management strategy in order to determine future regulatory priorities.  Data was collected by the 
EPA from June 1990 to February 1994. 
 
Monitoring Sites: 
Routine Water Quality  Nepean River at Macquarie Grove Road 
 
Automatic samplers:  Nil 
 
Stream flow: The EPA used stream flow data collected by Sydney Water. 
 
Rainfall: Sydney Bureau of Meteorology station at Penrith (as this 
data was many kilometers from the Narellan Creek 
catchment it is not relevant to this study). 
 
 
Water Quality determination for the grab samples was based on he following parameters: 
Biochemical oxygen demand; temperature; pH; turbidity; filterable phosphorus; total phosphorus; 
total  oxidized nitrogen; ammonia nitrogen; total Kjeldahl nitrogen; salinity; suspended solids; 
chloride, sodium, turbidity; faecal coliforms; enterococci faecal streptococci; conductivity. 
 
Data:     Held by the EPA. 
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Sampling Sites 
Sites upstream (Cowpasture Bridge) and downstream (Macquarie Grove Road) of the Narellan 
Creek confluence on the Nepean River has the longest record, with monitoring beginning in the 
early 1980s. Sampling of the upstream site concluded in 1994, while sampling of the downstream 
site was continued and undertaken by three groups; Sydney Water, the EPA and Camden 
Council. Sampling by Sydney Water is ongoing. Camden Council has also monitored the Nepean 
River at Camden Bypass since late 1991.  
Monitoring of Narellan Creek at Kirkham Lane by Sydney Water also began in the early 1980s, 
however the sampling frequency was less regular than that for the Nepean River and was 
concluded in early 1991. Monitoring at this site recommenced in 1992, with some ad-hoc 
sampling by Streamwatch programs, and in early 1994 Camden Council began monitoring 
monthly.  
Camden Council holds the largest routine monitoring data set at other sites in Narellan Creek, 
with monthly sampling since early 1994 at Northern Road, Camden Valley Way and Mt Annan 
Drive. Streamwatch sampling of these sites was also undertaken monthly during 1995. A single 
sample was collected at Northern Road and Camden Valley Way for the Harrington Park study 
conducted for Ove Arup & Partners.  
Streamflow and water quality data have been collected at four sites on Narellan Creek, enabling 
pollutant loads to be calculated for monitored events. Monitoring of Narellan Creek at Northern 
Road and just upstream of Camden Valley Way was conducted for Ove Arup & Partners, with 
samples collected during two storm events. Monitoring of the inflow and outflow to Lake Annan 
was conducted for Sydney Water over a period of almost two years, with approximately 40 storm 
events sampled. In addition, continuous measurements of physical water quality parameters were 
made during this period.  
 
Analytical Methodologies  
The analytical laboratory used in each study is listed below, along with quality control and the 
reference material for the analytical method. While the majority of analyses were undertaken by 
NATA registered laboratories, care should be taken when directly comparing data from different 
studies.  
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 Table 2: Summary of the Monitoring Studies Conducted within the Narellan Creek 
Catchment 
Analytical Laboratories  
Data Set   Period   Laboratory Methods   Reference  Quality Control  
Sydney   1983 - 1996  AWT EnSight    APHA  NATA registered  
Water (both)  
Camden   1992-1994  Australian Analytical Laboratories  APHA   NATA registered 
 Council   1992-1994  Fordham Laboratories  APHA   NATA registered  
 (coliforms only)  
1994-1996  ALS Environmental   APHA   NATA registered  
1994-1996  EML Consulting Services Pty Ltd  APHA   NATA registered 
 1996   Camden Council Laboratory   Hach Manual  
 
Ove Arup &  all   Enviromet Laboratories   APHA   NATA registered  
Partners  
 
 
 
Streamwatch  all   Sydney Water Supplied Equipment Hach Manual   No quality system 
 
 
 EPA   1990-1991  GMLaboratories    APHA   NATA registered  
part 1991  Jude11, Platt, Thomas & associates APHA  NATA registered  
1992-1996  EPA water chemistry laboratory  APHA   NATA registered  
 
_____________________________________________________________________________________________ 
APHA refers to APHA-A WW A-WEF 16th, 17th and 18th Editions. Hach Manual (Selby Scientific)  
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Spatial and Temporal Distribution of Datasets and Data  
The spatial and temporal distribution of the datasets and data collected under the aforementioned 
sampling programs follows:  
• Streamflow data Section  
• Rainfall data  Section 
 
• Routine water quality data (includes comparison with relevant ANZECC guidelines 
and an assessment of impact of Narellan Creek upon water quality of the Nepean 
River)  
 
• Pollutant loadings  
 
Page  189 
  
Page  190 
Streamflow Data  
The spatial and temporal distribution of strean1flow data collected under each monitoring 
program is shown in Figure 2.  
The gauging station at Camden Weir has the longest period of record, with streamflow 
measurements beginning in 1989. Streamflow data was collected by Sydney Water at Kirkham 
Lane on Narellan Creek between 1985 and 1987, and also at the outflow to Lake Annan between 
1994 and 1996.  
Two sites on Narellan Creek were monitored by Manly Hydraulics Laboratory; Northern Road 
and upstream of Camden Valley Way at Smeaton Grange. Data from the Northern Road site is 
available as stream height only, and was therefore not included on Figure 2. Narellan Creek at 
Camden Valley Way was monitored for a period of almost three years, between 1994 and 1996.  
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Rainfall Data  
The spatial and temporal distribution of rainfall data collected under each monitoring program is 
shown in Figure 3. 
Sydney Water began monitoring rainfall in the Narellan Creek area over ten years ago, with 
records from pluviometers at West Camden STP, Camden Reservoir and Lodges Road beginning 
in 1983, 1985 and 1987 respectively. Distance weighted rainfall from Lake Annan Outflow 
extends over the period it was studied; 1984 to 1986. Rainfall data has been collected for Camden 
Council from three pluviometers in the Narellan Creek catchment since 1994.  
Annual total rainfalls measured between 1983 and 1995 are listed for each pluviometer in Table 
3. The highest annual rainfall in the last ten years was recorded in 1988, when greater than 1000 
mm was measured at the West Camden STP, Camden Reservoir and Lodges Road pluviometers. 
Annual rainfall in 1990 also exceeded 1000 mm at West Camden STP and Lodges Road. In 
contrast, the 1994 annual total was less than 500 mm, with low annual rainfalls also recorded 
during 1993 (less than 600 mm).  
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Table 3: Total Annual Rainfalls (mm) measured at each pluviometer between 1983 and 
1996  
 
Year West 
Camden 
STP 
Camden 
Reservoir  
Lodges 
Rd 
Narellan  
Smeaton 
Grange  
Camden 
Life 
Centre  
Mount 
Annan 
School 
Lake 
Annan 
Outflow 
1983  367* 
1984  968 
1985  713  332* 
1986  727  801 
1987  932  956 675* 
1988  1051  1151 1111 
1989  798  862 877 
1990  1146  993 1189 
1991  777  848 855 
1992  785  565 771  
1993  587  560 642 
1994  413  478 422  426*  288*  364* 193* 
1995  789  708 779  811  821  833 866 
1996  406*  418* 400*  518*  468*  447* 77* 
______________________________________________________________________________ 
* Data does not cover the entire year.  
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Routine Water Quality Data  
The spatial and temporal variation of routine water quality samples is described below for each 
water quality determinants. This assessment included additional statistical analysis to determine 
the impact of Narellan Creek on water quality of the Nepean River.  
Phosphorus  
Significance:  In the absence of limiting factors, high concentrations of phosphorus in the aquatic 
environment can lead to excessive growth of algae and aquatic weeds. These 
growths may alter the diurnal availability of oxygen, reduce light penetration by 
forming thick mats on the surface, produce toxins, reduce the aesthetic and 
recreational value of the waterway and modify the species composition of aquatic 
plants and animals.  
 
Sources:  Sources of phosphorus include leachate from soils, decomposing organic material, 
animal faeces, urban and agricultural runoff, erosion of streambeds and banks, 
detergents, water softeners and domestic sewage.  
Forms:  Total phosphorus is a measure of the soluble, colloidal and biologically and 
chemically bound phosphorus in the water sample.  
Filterable phosphorus is the portion of total phosphorus that passes through a filter 
(generally less than 1 µm) and is a gross measure of soluble or bioavailable 
phosphorus (i.e.: that which may be available for plant growth).  
ANZECC Guidelines: 
  To prevent algal blooms from occurring, ANZECC (1992) recommends that 
phosphorus levels in rivers and streams not exceed the range of 0.01 to 0.1 mg/L.  
However, it is strongly recommended that site-specific studies are undertaken to 
determine values of phosphorus that promote undesirable aquatic plant growth in 
each water body. In the absence of such a study, the 0.01 to 0.1 mg/L range will 
be used.  
Datasets:  Figure 4 shows the sites and period over which filterable phosphorus was 
measured in each study. These figures also show the variability in the data. The 
upper limit of the recommended ANZECC guidelines is indicated on each graph 
for reference.  
 
Temporal Distribution of Data:  
Figure 4 shows that concentrations of filterable phosphorus at each site were 
highly variable, ranging over almost two orders of magnitude. This level of 
temporal variation is common in rural and urban streams and is caused by factors 
such as changes in the level of streamflow, differences between seasons and 
changes in land use patterns.  
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Spatial Distribution of Data: 
The wide variation in phosphorus levels at each site makes differences between 
sites on Narellan Creek difficult to discern.  
 
Impact of Narellan Creek on Nepean River: 
Concentration of filterable phosphorus recorded in Narellan Creek at Kirkham 
Lane was generally higher than those recorded in the Nepean River at Cowpasture 
Bridge, upstream of the confluence with Narellan Creek. The impact of Narellan 
Creek on water quality of the Nepean River was investigated via statistical 
analysis of Sydney Water data collected between 1983 and 1994.  
The statistical analysis found no significant differences in concentrations of total 
phosphorus and filterable phosphorus upstream and downstream of the Narellan 
Creek confluence, indicating that Narellan Creek had no impact on water quality 
in the Nepean River between 1983 and 1994 with respect to these variables.  
 
 
Comparison with ANZECC Guidelines: 
As filterable phosphorus is a component of total phosphorus, the ANZECC 
guidelines was also applied to this determinants. Filterable phosphorus was 
analyzed only during the long-term monitoring conducted by Sydney Water.  
Total phosphorus levels measured by Sydney Water in Narellan Creek at Kirkham 
Road between 1984 and 1991 exceeded the ANZECC guidelines on 81 percent of 
occasions. Total phosphorus levels at this site declined gradually through time, 
with concentrations recorded after 1990 generally below the ANZECC guideline. 
Filterable phosphorus levels measured at Kirkham Lane prior to 1990 also 
exceeded the ANZECC guidelines (Figure 4) on approximately 90 percent of 
sampling occasions.  
In contrast, fewer than 5 percent of total and filterable phosphorus collected in the 
Nepean River by Sydney Water and the EPA exceeded the ANZECC guidelines 
for the protection of aquatic ecosystems.  
Between 15 and 30 percent of total phosphorus samples collected by Camden 
Council in Narellan Creek and the Nepean River exceeded the recommended 
ANZECC guidelines, with the highest number occurring at Narellan Creek at 
Kirkham Lane.  
All samples collected under the Streamwatch program exceeded the recommended 
guidelines, which is probably due to the poor detection levels of analytical 
methods used in this program.  
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Nitrogen  
Significance:  Nitrogen is an important macronutrient for the growth of plants. Like 
phosphorus, nitrogen may lead to algal blooms if it is present at elevated 
levels.  
Forms:  Total Kjeldahl nitrogen is a measure of organically bound nitrogen plus 
dissociated and undissociated ammonia.  
Oxidized nitrogen is a combined measure of the oxides of nitrogen: nitrites 
and nitrates.  
Total nitrogen is the sum of organically bound nitrogen, ammonia, nitrate 
and nitrite (approximately equals the sum of total Kjeldahl nitrogen and 
oxidized nitrogen).  
Total uncombined ammonia is a measure of ammonium ions and 
undissociated ammonia, which exist in equilibrium in fresh water. In 
freshwater conditions, ammonium ions form the larger portion of total 
uncombined ammonia measure.  
Sources:  Anthropogenic sources of nitrogen include urban and agricultural runoff, 
putrescible matter, domestic sewage, industrial wastewaters and 
atmospheric fallout of nitrogen compounds arising from the combustion of 
fuels. Natural sources of nitrogen include decaying vegetation, animal 
faeces and biological fixation of atmospheric nitrogen by certain algae and 
bacteria.  
Nitrogen may be removed from the water column via the adsorption of 
nitrogen compounds on sedimentary material, precipitation of organic 
matter, uptake by plants and other organisms, denitrification and the 
natural diffusion of N2 to the atmosphere. Free ammonia may be lost to the 
atmosphere by volatilization and ammonium ions may be taken up as a 
plant nutrient or oxidized to nitrite or nitrate forms.  
 
ANZECC Guidelines:  
To prevent algal blooms from occurring, ANZECC (1992) recommends 
that total nitrogen levels in rivers and streams not exceed the range of 0.10 
to 0.75 mg/L However, it is strongly recommended that site-specific 
studies are undertaken to determine values of nitrogen that promote 
undesirable aquatic plant growth in each water body. In the absence of 
such a study, the 0.10 to 0.75 mg/L range recommended by ANZECC 
(1992) should be used.  
Ammonia is a non-persistent and non-cumulative toxicant to. aquatic life. 
In fresh waters, its concentration should be limited to 0.02 to 0.03 mg/L. 
Concentrations of total uncombined ammonia equivalent to 0.03 mg/L of 
ammonia range between 1.2 and 1.8 mg/L, depending on the pH and 
temperature of the water.  
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ANZECC (1992) recommends that concentration of nitrate should not 
exceed 30 mg/L in livestock drinking water and nitrite concentrations 
should not exceed 10 mg/L. 
 
Datasets:  Figures 5, 6 and 7 show the sites and period over which total Kjeldahl 
nitrogen, oxidized nitrogen, total nitrogen and total uncombined ammonia 
were measured in each study. Importantly, these figures also show the 
variability in the data. The ANZECC (1992) guidelines for the protection 
of aquatic ecosystems is indicated on each graph for reference, where 
applicable.  
 
Temporal Distribution of Data: 
Figures 5, 6 and 7 show that concentrations of total Kjeldahl nitrogen, 
oxidized nitrogen and total uncombined ammonia at each site were highly 
variable, ranging between two and three orders of magnitude. This level of 
temporal variation is common in rural and urban streams because of the 
many sources and removal paths of nitrogen. Total nitrogen measurements 
began in 1993 in the Nepean River and the data also shows wide temporal 
variation, with several large concentration peaks.  
 
 
Spatial Distribution of Data:  
 
The wide variation in total Kjeldahl nitrogen and oxidized nitrogen levels 
at each site makes differences between sites on Narellan Creek difficult to 
discern. Insufficient total nitrogen data have been collected to enable 
comparisons, however total nitrogen can be estimated by summing total 
Kjeldahl nitrogen and oxidized nitrogen.  
 
Impact of Narellan Creek on Nepean River:  
Concentrations of total Kjeldahl nitrogen and total uncombined ammonia 
recorded in Narellan Creek at Kirkham Lane were generally higher than 
those recorded in the Nepean River at Cowpasture Bridge, upstream of the 
confluence of Narellan Creek. 
 
Levels of oxidized nitrogen in Narellan Creek were of similar magnitude 
to those in the Nepean River. The impact of Narellan Creek on water 
quality of the Nepean River was investigated via statistical analysis of 
Sydney Water data collected between 1983 and 1994. Analysis was not 
undertaken for total nitrogen because of the minimal amount of data.  
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The statistical analysis found no significant differences in concentrations 
of total Kjeldahl nitrogen, total uncombined ammonia and oxidized 
nitrogen upstream and downstream of the Narellan Creek confluence, 
indicating that Narellan Creek had no impact on water quality in the 
Nepean River between 1983 and 1994 with respect to these variables.  
 
Comparison with ANZECC Guidelines 
Levels of oxidized nitrogen were within the ANZECC (1992) guidelines 
for livestock watering at all sites. Only a limited number of total nitrogen 
analyses were undertaken in Narellan Creek. At Macquarie Grove Road on 
the Nepean River, 20 percent of the samples exceeded the upper range of 
the ANZECC guidelines, while all samples collected at Cowpasture Bridge 
were below the 0.75 mg/L level.  
Over 60 percent of all total uncombined ammonia samples from Kirkham 
Lane on Narellan Creek exceeded 1.2 mg/L, a level which may be toxic to 
aquatic life. In contrast, less than 10 percent of samples from Nepean River 
sites exceeded this level.  
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Chlorophyll a  
 
Significance:  Chlorophyll a is the principal green photosynthetic pigment of most plants 
and is used to estimate the amount of algae suspended in the water column. 
Excessive proliferation of algae may reduce the aesthetic and recreational 
value of the water, cause diurnal fluctuations in oxygen availability, reduce 
light penetration by forming thick mats on the water surface, produce 
toxins and modify the species composition of aquatic plant and animal 
communities.  
 
Sources:  Ecological factors which influence the growth of algae include sunlight, 
temperature and nutrient levels.  
 
ANZECC Guidelines:  
There are no recommended ANZECC guidelines for chlorophyll a for river 
and stream aquatic ecosystems. However, concentrations of chlorophyll a 
greater than 20 µg/L may indicate possible problems with algal blooms 
(Australian Environment Council, 1987).  
 
Datasets:  Figure 8 shows the sites and period over which chlorophyll a was 
measured in each study. Importantly, this figure also shows the variability 
in the data. The 20 µg/L level which may indicate algal blooms is marked 
on each graph for reference.  
 
Temporal Distribution of Data: 
Figure 8 shows that concentrations of chlorophyll a at the three sites 
monitored for this determinant were highly variable, ranging over several 
orders of magnitude. This level of temporal variation is common in rural 
and urban streams where conditions for algal growth may change rapidly 
due to variable streamflow conditions and fluctuations in sunlight and the 
availability of nutrients.  
 
Spatial Distribution of Data: 
Only the Kirkham Lane site on Narellan Creek has been monitored for 
chlorophyll a. Variation between sites on the Nepean River is discussed 
below.  
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 Impact of Narellan Creek on Nepean River: 
Levels of chlorophyll a measured in Narellan Creek at Kirkham Lane were 
Creek generally higher than those recorded in the Nepean River at 
Cowpasture Bridge, upstream of the confluence of Narellan Creek. The 
impact of Narellan Creek on water quality of the Nepean River was 
investigated via statistical analysis of Sydney Water data collected 
between 1983 and 1994.  
 
The statistical analysis found no significant differences in concentrations 
of chlorophyll a upstream and downstream of the Narellan Creek 
confluence, indicating that Narellan Creek had no impact on water quality 
in the Nepean River between 1983 and 1994 with respect to this variable.  
 
Comparison with Indicative Level: 
Approximately 60 percent of chlorophyll a samples collected at the 
Kirkham Lane site on Narellan Creek exceeded 20 µg/L, indicating that 
algal blooms may occur at this site. In contrast, chlorophyll a 
concentrations exceeded the indicative level in less than 8 percent of 
samples collected at sites on the Nepean River. The comparatively lower 
levels of chlorophyll a in the Nepean River are likely to be the result of the 
comparatively lower levels of plant nutrients, nitrogen and phosphorus. 
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Faecal Coliforms and Enterococci  
Significance:  The density of faecal coliforms and enterococci are indicators of the possible 
presence of pathogenic bacteria, viruses and parasites. Pathogens can cause 
gastrointestinal disorders, skin diseases and ear, nose and throat infections. Faecal 
coliforms are thus useful in assessing the potential health risk water activities may 
pose to the public.  
 
Sources:  Faecal coliforms and enterococci are contained in the faeces of all warm blooded 
animals, including humans.  
 
ANZECC Guidelines: 
For primary contact recreation such as swimming or wading, ANZECC (1992) 
states that the median faecal coliform density over the bathing season should not 
exceed 150 cfu/1 00mL (from a minimum of five samples collected at regular ~ 
intervals within one month, with four out of five samples containing less than 600  
Cfu/100mL). The number of enterococci should not exceed a median of 35 
cfu/100mL, with no more than 60 cfu/100mL in anyone sample.  
For secondary contact recreation such as boating and fishing, the median faecal 
.coliform density should not exceed 1000 cfu/100mL (from a minimum of five 
samples collected at regular intervals within one month, with four out of five 
samples containing less than 4000 cfu/100mL). The number of enterococci should 
not exceed a median of 230 cfu/100mL, with no more than 450-700 cfu/100mL in 
anyone sample.  
The ANZECC (1992) guidelines for livestock watering is that the geometric mean 
faecal coliform density should not exceed 1000 cfu/100mL (from a minimum of 
five samples collected at regular intervals per month, with not more than one 
sample in five exceeding 5000 cfu/100mL). No guideline is given for enterococci 
for livestock watering.  
As the sampling regime did not meet the specified conditions in any study, these 
recommended guidelines cannot be applied directly to determine whether 
activities such as swimming in Narellan Creek are 'safe' and will be used as 
reference levels only.  
 
Datasets:  Figures 9 and 10 show the sites and period over which faecal coliforms and 
enterococci were measured in each study. These figures also show the variability 
in the data. The median levels stated in ANZECC (1992) guidelines for primary 
contact recreation and secondary contact recreation are marked on each graph for 
reference, with the median for livestock watering also marked on Figure 9.  
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Temporal Distribution of Data: 
Figures 9 and 10 show that densities of faecal coliforms and enterococci were 
highly variable, ranging over four orders of magnitude. This level of temporal 
variation is common in rural and urban streams and due in part to the episodic 
nature of faecal contamination and the rapid die-off of these organisms.  
 
Spatial Distribution of Data: 
The wide variation in faecal coliform and enterococci levels at sites on Narellan 
Creek makes differences between sites on Narellan Creek difficult to discern.  
 
Impact of Narellan Creek on Nepean River 
The impact of Narellan Creek on water quality of the Nepean River was 
investigated via statistical analysis of Sydney Water data collected between 1991 
River: and 1994 for faecal coliforms. Enterococci were not measured at the 
Cowpasture Bridge site.  
Statistical analysis revealed significantly higher levels of faecal coliforms 
downstream of the Narellan Creek confluence on the Nepean River relative to the 
upstream site. These results suggest that inflows from Narellan Creek are 
adversely impacting faecal coliform levels in this section of the Nepean River.  
 
 
Comparison with ANZECC Guidelines: 
The number of samples analyzed for faecal coliforms, the percentage of those that 
ANZECC contained levels exceeding the median level for primary contact 
recreation (150 cfu/l00mL) and the percentage exceeding the median level for 
secondary contact recreation and livestock watering (1000 cfu/l00mL) are 
indicated.   
Faecal coliform levels at sites in Narellan Creek and on the Nepean River 
exceeded 150 cfu/l00mL between 13 and 100 percent of sampling occasions and 
1000 cfu/100mL between 4 and 75 percent of sampling occasions. As sampling 
did not meet the required minimum of five samples per month in any study, it is 
not possible to comment on the health risks associated with livestock watering and 
activities such as swimming, wading and boating.  
Enterococci levels in Narellan Creek and Nepean River exceeded 35 cfu/100mL 
between 50 and 100 percent of sampling occasions and 230 cful/100mL between 7 
and 57 percent of sampling occasions. Again, it is not possible to comment on the 
health risks of activities such as primary and secondary recreation as the sampling 
regime did not meet the required minimum of 5 samples per month.  
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Dissolved Oxygen  
Significance:  Dissolved oxygen is essential to maintain a healthy aquatic ecosystem. 
Photosynthetic activity of plants during the day may cause dissolved 
oxygen levels to increase, whereas during the night the combined 
respiration of plants and animals may deplete dissolved oxygen levels.  
Sources:  The saturation level of dissolved oxygen in surface waters is in equilibrium 
with the atmosphere, and is a function of the salinity and temperature of 
the water. A range of physical, chemical and biological processes governs 
the actual level of dissolved oxygen in the water, such as photosynthesis, 
respiration, tidal movement, streamflow and turbulence, groundwater 
percolation, nitrification reactions, biological oxygen demand and 
chemical oxidation reactions. As a result, natural waters are rarely 
saturated and oxygen levels tend to be spatially and temporally variable.  
 
ANZECC Guidelines: ANZECC indicates that dissolved oxygen levels should not normally be 
permitted ° to fall below 6 mg/L with levels preferably measured over a full 
diurnal cycle. 
 
 
The dissolved oxygen measurements in Narellan Creek and the Nepean 
River were all taken during daylight hours, generally between 7 am and 3 
pm.  
Datasets:  Figure 11 shows the sites and period over which dissolved oxygen was 
measured in each study. Importantly, these figures also show the 
variability in the data. The ANZECC guidelines for the protection of 
aquatic ecosystems is marked on each graph for reference.  
 
Temporal Distribution of Data: 
Figure 11 shows the natural seasonal variation in dissolved oxygen levels 
at sites where regular long-term monitoring has occurred; Nepean River at 
Macquarie Grove Road and Cowpasture Bridge, and Narellan Creek at 
Kirkham Lane. The concentration of dissolved oxygen in the water column 
is in part dependant on water temperature, with higher levels observed at 
lower temperatures and lower levels at higher temperatures. As a result, a 
seasonal trend of summer minima and winter maxima is a common feature 
of waterways.  
 
Page  211 
Spatial Distribution of Data: 
The temporal variation in dissolved oxygen levels and the short period of 
record of Data: for most sites on Narellan Creek make differences between 
sites difficult to discern.  
 
Impact of Narellan Creek on Nepean River: 
The impact of Narellan Creek on water quality of the Nepean River was 
investigated by the analysis of Sydney Water data collected between 1983 
and 1994.  
The statistical analysis found no significant differences in dissolved 
oxygen concentrations upstream and downstream of the Narellan Creek 
confluence, indicating that Narellan Creek had no impact on water quality 
in the Nepean River between 1983 and 1994 with respect to this variable.  
The results from the three monitoring programs indicate low levels of 
dissolved oxygen throughout the Narellan Creek system, with between 45 
and 67 percent of samples below the minimum level recommended by 
ANZECC.  
In contrast, fewer than 3 percent of dissolved oxygen samples taken in the 
Nepean River under the Sydney Water monitoring program and only 6 
percent of samples collected under the EP A monitoring program fell 
below the guidelines. Levels of compliance were lower under the Camden 
Council monitoring program, with dissolved oxygen levels in more than 30 
percent of samples below 6 mg/L.  
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Biochemical Oxygen Demand  
Significance:  Biochemical oxygen demand is a measure of the oxygen consumed in 
microbial respiration and the breakdown of organic material, and in the 
oxidation of ions such as sulfide, ferrous iron and ammoniacal nitrogen. It 
is generally used as a measure of organic pollution.  
 
ANZECC Guidelines:   
ANZECC does not provide a guideline for levels of biochemical oxygen 
demand.  
Datasets:  Figure 12 shows the sites and period over which biochemical oxygen 
demand was measured in each study. Importantly, these figures also show 
the variability in the data.  
 
Temporal Distribution of Data:  
Shows that concentrations of biochemical demand ranged over an 
Distribution of Data: order of magnitude at all sites.  
 
Spatial Distribution of Data: 
The temporal variation in the biochemical oxygen demand data and the 
short of Data: period of record for this determinant make differences 
between sites difficult to discern.  
 
Impact of Narellan Creek on Nepean River: 
Biochemical oxygen demand was not measured upstream of the Narellan 
Creek on Nepean River: confluence on the Nepean River (at Cowpasture 
Bridge). Therefore, statistical analysis could not be undertaken for this 
variable.  
 
 
Suspended Solids and Turbidity  
Significance:  Suspended solids is a measure of the total concentration of organic and 
inorganic particulate matter in the water column. Turbidity is a measure of 
how much light is scattered by finely divided suspended matter, and is 
measured in nephlometric turbidity units.  
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Sources:  The major sources of suspended material include runoff from cleared, 
cultivated and urban areas, erosion of natural banks, domestic sewage and 
industrial effluent.  
 
ANZECC Guidelines: ANZECC (1992) guidelines do not include specific levels of suspended 
solids or turbidity for rivers or streams, but specify that seasonal mean 
turbidity levels should not vary by 10 %.  
Datasets:  Figures 15 and 16 show the sites and period over which suspended solids 
and turbidity were measured in each study. Importantly, these figures also 
show the variability in the data.  
 
Temporal Distribution of Data: 
Figures 15 and 16 show that concentrations of suspended solids and 
turbidity levels were highly variable, ranging over two and three orders of 
magnitude. This level of temporal variation is common in rural and urban 
streams, with stormwater runoff increasing the level of particulate matter 
in the water column during wet weather events.  
 
Spatial Distribution of Data: 
The relatively short record of suspended solids levels at all sites in 
Narellan Creek and the sporadic nature of sampling in the Nepean River, 
combined with the large temporal variability in the data make differences 
between sites difficult to discern.  
 
Impact of Narellan Creek on Nepean River: 
The impact of Narellan Creek on water quality of the Nepean River was 
Ck investigated via statistical analysis of Sydney Water data. Suspended 
solids data was analyzed for the period 1991 to 1994, while turbidity levels 
were analyzed for the period 1983 to 1994.  
The statistical analysis found no significant differences in levels of 
suspended solids and turbidity upstream and downstream of the Nare11an 
Creek confluence, providing no evidence of an impact of Narellan Creek 
on the water quality of the Nepean River between 1983 and 1994 with 
respect to these variables.  
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Conductivity 
Significance: The electrical conductivity of water is a convenient measure of the 
concentration of dissolved salts or salinity of the water. Conductivity is 
usually recorded in milli-Siemens per metre (mSm-1) or micro-Siemens per 
centimeter (µSm-1). 
 
 
ANZECC Guidelines: ANZECC recommend that conductivity levels not exceed 150 
mSm-1 in freshwater for the protection of aquatic ecosystems. 
 
 
 
Datasets: Figure 13 shows the sites and period over which conductivity was 
measured in each study. Importantly, this figure also shows the variability 
in the data. The ANZECC guidelines for the protection of aquatic 
ecosystems is marked on each graph for reference. 
 
 
Temporal Distribution of Data: 
Figure 13 shows that conductivity levels in Narellan Creek and the Nepean 
River were highly variable, ranging over one and two orders of 
magnitude at all sites. This level of variation is common in rural and 
urban streams, with periods of low flow resulting in increases in 
conductivity levels. High conductivity levels during extended periods of 
dry weather are pronounced in catchments draining saline soils, such as 
those derived from the Wianamatta shales underlying much of the 
Narellan Creek catchment. 
 
 
Spatial Distribution of Data: 
The temporal variation in conductivity levels and the short period of 
record for most sites on Narellan Creek make differences between sites 
difficult to discern. 
 
 
Impact of Narellan Creek on Nepean River: 
Conductivity levels measured in Narellan Creek at Kirkham Lane were 
higher than those recorded in the Nepean River at Cowpasture Bridge, 
upstream of the Narellan Creek confluence. The impact of Narellan Creek 
on water quality of the Nepean River was investigated via statistical 
analysis of Sydney Water data collected between 1984 and 1994.  
 
The statistical analysis found no significant differences in conductivity 
levels upstream and downstream of the Narellan Creek confluence, 
provided no evidence of an impact of Narellan Creek on the water quality 
of the Nepean River between 1983 and 1994 with respect to this variable. 
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Comparison with Indicative Level:  
Conductivities in Narellan Creek exceeded the ANZECC guidelines 
for the protection of aquatic ecosystems between 13 and 100 percent 
of sampling occasions. In contrast, conductivity levels in the Nepean 
River exceeded the criteria on fewer than one percent of sampling 
occasions, possibly because of higher and more consistent streamflow in 
the Nepean River. 
 
 
 
Table 4:  Number of Conductivity Samples and Compliance with ANZECC Guidelines 
 
Sydney Water Camden Council Ove Arup & 
Partners 
EPA Site 
n % n % n % n % 
Narellan Creek at Mt Annan 0 - 8 38 0 - 0 -
Narellan Creek at C. Valley 0 - 8 62 1 100 0 -
Narellan Creek at Lake 67 0 0 - 0 - 0 -
Narellan Creek at Northern 0 - 8 50 1 100 0 -
Narellan Creek at Kirkham 64 28 8 13 0 - 0 - 
Nepean River at Camden 0 - 8 0 0 - 0 -
Nepean River at Cowpasture 222 0.5 0 - 0 - 0 -
Nepean River at Mac. Grove 360 0.3 8 0 0 - 72 0 
n = number of samples, %=percentage of samples that exceeded the ANZECC (1992) 
guidelines. 
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Total Dissolved Solids 
 
Significance:   Total dissolved solids is also a measure of the salinity of the water 
and is measured in mgL-1. Total dissolved solids (mgL-1);  0.68 x 
conductivity (4S/cm) (ANZECC 1992). 
 
 
ANZECC Guidelines: 
In fresh waters, salinity should not be permitted to increase above 1000 
mgL-1  The maximum concentration of total dissolved solids at which good 
condition of livestock might be expected ranges from 3000 mgL-1 for 
pigs and poultry to 13000 mgL-1 for sheep. 
 
 
Datasets: Figure 14 shows the sites and period over which total dissolved solids was 
measured in each study. This figure also shows the variability in the data. 
The ANZECC guidelines for the protection of aquatic ecosystems and the 
lower range of 3000 mgL-1 for livestock watering is marked on each graph 
for reference. 
 
Temporal Distribution of Data: 
 
Figure 14 shows that total dissolved solids levels in Narellan Creek and the 
Nepean River were quite variable, ranging over one and two orders of 
magnitude at all sites. Trends through time are not apparent from Figure 
14 because of the short period of record for this determinant. 
   
Spatial Distribution of Data: 
The temporal variation in total dissolved solids levels and the short 
period of record for most sites on Narellan Creek make differences 
between sites difficult to discern. 
 
 
Impact of Narellan Ck on Nepean River: 
 Insufficient total dissolved solids data have been collected to enable 
statistical analysis of the impact of Narellan Creek on water quality of the 
Nepean River. 
 
 
Comparison with Indicative Level: 
Total dissolved solids concentrations in Narellan Creek exceeded the 
ANZECC guidelines for the protection of aquatic ecosystems between 16 
and 100 percent of sampling occasions and exceeded 3000 mgL-' 
between 5 and 75 percent of occasions. 
In contrast, total dissolved solids levels in the Nepean River exceeded 1000 
mgL-1 on between 13 and 28 percent of sampling occasions and 3000 
mgL-1 on fewer than 5 percent of sampling occasions, possibly 
because of higher and more consistent streamflow in the Nepean River. 
Page  221 
  
Table 5: Number of Total Dissolved Solids Samples and Compliance with ANZECC 
Guidelines 
 
Sydney Water Camden Council Streamwatch Site 
n %a %b n %a %b n %a %b 
Narellan Creek at Mt Annan Dr  0 - - 18 22 6 5 80 60 
Narellan Creek at C. Valley Wy  0 - - 18 50 11 4 100 75 
Narellan Creek at Lake Annan 12 100 8 0 - - 0 - -
Narellan Creek at Northern Rd 0 - - 19 21 5 3 33 33 
Narellan Creek at Kirkham Lane 6 67 33 19 16 5 11 64 46 
Nepean River at Camden By. 0 - - 23 22 4 0 - -
Nepean River at Cowpasture Br 172 13 4 0 - - 0 - - 
Nepean River at Mac. Grove Rd 311 28 4 311 28 4 0 - - 
 
n=number of samples, %a=percentage of samples exceeding the ANZECC Guidelines for protection of aquatic ecosystems, 
%b =percentage of samples exceeding 3000 mg/L for livestock watering. 
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Chloride 
 
Significance: In natural waters chlorine is dissociated as chloride ions. Chloride 
combines readily with common cations and is also a measure of the 
salinity, or quantity of mineral salts dissolved in the water. Although 
chloride is essential for the survival and growth of animals and plants, it 
may be toxic in elevated levels. 
 
Sources: Sources of chloride include precipitation, leachate from minerals, 
agricultural and urban runoff, industrial effluent, domestic sewage and 
seawater intrusion in estuaries. 
 
ANZECC Guidelines: 
 ANZECC do not recommend levels of chloride for the protection of 
aquatic ecosystems, recreation or livestock watering. 
 
Datasets: Figure17 shows the sites and period over which chloride levels were 
measured in each study. This figure also shows the variability in the 
data. Chloride measurements were discontinued in 1994 at all sites. 
 
Temporal Distribution of Data: 
 Figure 17 shows that concentrations of chloride ranged over an order of 
magnitude at the three monitored sites. Variability in chloride levels 
in the Nepean River decreased after 1990, with levels gradually 
increasing through time. 
 
Spatial Distribution of Data: 
 Chloride was measured at only one site in Narellan Creek, so it is not 
possible to assess the spatial variation within the creek. 
 
 
Impact of Narellan Creek on Nepean River: 
Levels of chloride recorded in Narellan Creek at Kirkham Lane 
appear to be higher than levels recorded in the Nepean River. The 
impact of Narellan Creek on water quality of the Nepean River was 
investigated via statistical analysis of Sydney Water data collected 
between 1983 and 1994. The methodology and results pertaining to the 
statistical analysis are presented in Appendix  
 
The statistical analysis found no significant differences in chloride 
levels upstream and downstream of the Narellan Creek confluence, 
providing no evidence of an impact of Narellan Creek on the water 
quality of the Nepean River between 1983 and 1994 with respect to this 
variable. 
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pH 
 
Significance: The pH of water is a measure of the acidity or alkalinity. The pH of 
natural waters is governed by the carbonate-bicarbonate buffer system, 
which keeps pH levels close to 7. However, the pH range depends on 
the local geology. Aquatic life may be directly affected by the toxic 
effect of acid or alkali, or indirectly by the influence pH has on the 
availability of other toxic substances such as metals and unionised 
ammonia. 
 
ANZECC Guidelines: 
 ANZECC recommends that the pH of natural waters not vary beyond the 
range of 6.5 to 9.0 pH units for the protection of aquatic ecosystems. 
 
 
Datasets: Figure 18 shows the sites and period over which pH was measured in 
each study. This figure also shows the variability in the data. The upper 
and lower ANZECC guidelines are marked on each graph for reference. 
 
 
Temporal Distribution of Data: 
Figure18 shows that pH levels in Narellan Creek and the Nepean River 
were highly variable, ranging between the upper and lower ANZECC 
guidelines for the protection of aquatic ecosystems. Also apparent is a 
trend of increasing values and variability with time at sites which have 
been monitored since the 1980s. 
 
 
Spatial Distribution of Data: 
The temporal variation in pH levels and the short period of record for 
most sites on Narellan Creek make differences between sites difficult to 
discern. 
 
 
Impact of Narellan Creek on Nepean River: 
The impact of Narellan Creek on water quality of the Nepean River was 
investigated via statistical analysis of Sydney Water data collected 
between 1983 and 1994.  
 
The statistical analysis found no significant differences in pH levels 
upstream and downstream of the Narellan Creek confluence, 
providing no evidence of an impact of Narellan Creek on the water 
quality of the Nepean River between 1983 and 1994 with respect to this 
variable. 
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Comparison with Indicative Level: 
Levels of pH in Narellan Creek were within the range recommended by 
ANZECC on all sampling occasions at Mount Annan Drive and 
Northern Road. At Camden Valley Way and Kirkham Lane sites, 
Camden Council data indicates that pH levels exceeded the upper 
guideline on 4 percent of sampling occasions. Data collected by Sydney 
Water at the outflow of Lake Annan indicates that pH levels were below 
6.5 pH units on 12 percent of sampling occasions. 
In the Nepean River, pH levels both above and below the ANZECC range 
were recorded at all sites. However, these occurred on fewer than 10 
percent of sampling occasions. 
 
Table 6: Number of pH Samples and Non-Compliance with ANZECC Guidelines 
Sydney Water Camden Council Streamwatch EPA Site 
n % n % n % n % 
Narellan Creek at Mt Annan Dr 0 - 24 0 4 0 0 -
Narellan Creek at C. Valley Wy 0 - 24 4 3 0 0 -
Narellan Creek at Lake Annan 65 12 0 - 0 - 0 -
Narellan Creek at Northern Rd 0 - 23 0 3 0 0 -
Narellan Creek at Kirkham Lane 60 0 24 4 12 4 0 - 
Nepean River at Camden Bypass 0 - 31 10 0 - 0 - 
Nepean River at Cowpasture Br 227 5 0 - 0 - 0  - 
Nepean River at Mac. Grove Rd 358 5 31 6 0 - 72 7 
n=number of samples, %=percentage of samples outside the range of the ANZECC (1992) criteria. 
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Water Temperature 
 
Significance:  Changes in ambient water temperature regimes may affect 
the growth, reproduction, production and mobility of aquatic life 
(ANZECC, 1992) and also affect the solubility of dissolved 
oxygen. 
 
ANZECC Guidelines:  For primary contact recreation, ANZECC recommend that the 
water temperature be within the range of 15 to 35°C. 
 
Datasets:  Figure 19 shows the sites and period over which water temperature 
was measured in each study. This figure also shows the 
variability in the data. The upper and lower ANZECC guidelines 
are marked on each graph for reference. 
 
Temporal Distribution of Data: 
 Figure 19 shows that water temperatures in Narellan Creek and the 
Nepean River followed a strong seasonal pattern, with winter 
minima and summer maxima. This pattern is most pronounced at 
the Macquarie Grove Road and Cowpasture Bridge sites in the 
Nepean River which have a long, continuous record. 
 
Spatial Distribution of Data: The temporal variation in water temperatures and the short 
period of record for most sites on Narellan Creek make differences 
between sites difficult to discern. 
The impact of Narellan Creek on water quality of the 
Nepean River was investigated via statistical analysis of Sydney 
Water data collected between 1983 and 1994. 
 
Impact of Narellan Creek on Nepean River: 
 The statistical analysis found no significant differences in water 
temperatures upstream and downstream of the Narellan Creek 
confluence, providing no evidence of an impact of Narellan 
Creek on the water quality of the Nepean River between 1983 and 
1994 with respect to this variable. 
 
Comparison with ANZECC Guidelines: 
 Swimming and other primary contact recreation activities are 
likely to occur during summer months. Figure XX indicates that 
water temperatures during summer were well within the 15 to 35°C 
range recommended by ANZECC. 
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Pollutant Loads 
 
Pollutant Removal Efficiency of Lake Annan 
Lake Annan is a water pollution control pond and is situated in Mount Annan Gardens Estate on 
Narellan Creek. Simultaneous water quality monitoring at the inflow and outflow of Lake 
Annan was undertaken for approximately 26 run-off events between January 1995 and 
January 1996. A range of rainfall/ run-off events occurred during the monitoring period and the 
total annual rainfall for the Lake Annan catchment in 1995 was 790 mm. Pollutant removal 
efficiencies per event and on an annual basis were determined using event mean concentrations 
calculated from event loads. 
 
Generally, pollutant loads were greater at the inflow than at the outflow. The pollutant 
removal efficiencies of estimated annual loads and sampled event loads were comparable 
for faecal coliforms, suspended solids, total phosphorus, total nitrogen. The removal 
efficiencies for suspended solids and faecal coliforms were greater than 60% and greater 
than 40% for total phosphorus and total nitrogen. Removal efficiencies of between 20-60% 
occurred for filterable phosphorus and oxidized nitrogen. Interestingly, negative removal 
efficiencies were obtained for ammonia and biochemical oxygen demand, indicating that these 
were exported from the system. 
 
Pollutant Loads for Smeaton Grange and Northern Road 
Data for two wet weather events during 5-6 March 1995 and 17-18 May 1995 were collected 
at Smeaton Grange (upstream of Camden Valley Way) and at Northern Road by the Manly 
Hydraulics Laboratory. Concentrations of suspended solids (SS), total dissolved solids (TDS), 
total Kjeldahl nitrogen (TKN) and total phosphorus (TP) were combined with flow data to 
calculate pollutant loads for the Smeaton Grange site only. Pollutant loads were not 
calculated for the Northern Road site because only stream height measurements were 
available. However, a similar streamflow response would be expected due to the close proximity 
of this site to the Smeaton Grange site. 
 
Both wet weather events (5-6 March and 17-18 May) were of short duration but stream 
discharges varied. The total stream discharge sampled for the event during 5-6 March was 86 
megalitres (ML) and 380.8 ML for the event during 17-18 May respectively. Event mean 
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concentrations at Smeaton Grange were higher during the smaller event in March. However the 
pollutant loads were higher in the May event. 
 
 
Table 7: Event Mean Concentrations 
 
Event Flow (ML) SS 
(mg/L) 
TDS 
(mg/L)
TKN 
(mg/L)
TP 
(ug/L) 
5-6 March 95 
 
17-18 May 95 
86.4 
 
380.8 
845 
 
399 
321 
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1.3
210 
 
110 
 
Pollutant Loads 
 
Event 
 
 
Flow (ML) 
 
SS                TDS 
(kg)                 (kg) 
TKN 
(kg) 
 
 
TP 
(kg) 
5-6 March 95 86.4 40075 15218 152 10 
17-18 May 95 380.8 152031 87514 485 41.8 
     
 
 
